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Direct reciprocity is the most cited explanation for the evolution of cooperation between 
unrelated individuals. Yet, few studies have examined generalized reciprocity as an 
alternative mechanism, despite generalized reciprocity’s minimal cognitive demands and 
capacity to explain the same patterns of cooperation as direct reciprocity. Studies of 
direct reciprocity tend to explore reciprocal exchange across either individual 
interactions or long periods of time, rarely studying both at once. In addition, most 
studies of reciprocity only account for maternal relatedness between cooperative 
partners, failing to rule out the effect of kin selection through paternal relatedness. In this 
thesis we investigated the role of direct and generalized reciprocity in female rhesus 
macaque cooperative exchanges. We modified a classic playback experiment and 
explored the effect of both recent and repeated grooming interactions on females’ 
willingness to provide coalitionary support to other adult females. We conducted this 
study using the rhesus macaques at the Cayo Santiago field station, where maternal 
and paternal relatedness is known for all study subjects. We found no evidence of direct 
or generalized reciprocity in the exchange of grooming for coalitionary support. Our 
results contradict the findings of similar playback experiments but are consistent with 
correlational studies in species that are despotic like rhesus macaques. The despotic 
nature of our study system, combined with our finding that females’ willingness to 
provide support declined as the number of infants in their matriline increased, could 
suggest that grooming is not a sufficient price to pay to acquire coalitionary support from 
unrelated rhesus macaques. We propose by-product mutualism and kin-selection may 
play a larger role than has been previously appreciated in decisions regarding who to 
support in agnostic encounters, and we highlight the importance of investigating multiple 
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Chapter 1: General Introduction 
1.1 The Puzzle of Cooperation  
A cooperative behaviour provides direct benefits to individuals other than the 
performer of the behaviour (West, Griffin, & Gardner, 2007). To explain the evolution 
of cooperative behaviours we must therefore ask why an individual would perform a 
behaviour for the benefit of another (Hamilton, 1964). Individuals that perform 
behaviours that only benefits others should experience reduced fitness and should, 
by consequence, be removed from the population by natural selection. Yet, this is 
not the case - cooperative behaviours are rife within the animal kingdom (Dugatkin, 
1977). Understanding how cooperation evolved and is maintained in animal societies 
has thus resulted in more than a century of research (Dugatkin, 1977).  
1.2 Inclusive Fitness 
The first theoretical framework put forward to understand cooperation came 
from Hamilton’s 1964 paper on inclusive fitness. Inclusive fitness theory states that 
there are two ways an animal’s behaviour can result in fitness benefits: 1) it can act 
in manner that enhances its survival and reproductive success (direct fitness 
benefits), or 2) it can act in manner that results in the enhanced survival and 
reproductive success of those who share similar genes to the animal, thus increasing 
the prevalence of those genes in future generations (indirect fitness benefits). 
Indirect fitness is often referred to as kin selection because the simplest way to gain 
indirect fitness benefits is for an individual to provide assistance to related individuals 
(Maynard, 1964; West et al., 2007). Hamilton created a simple formula, referred to 
as Hamilton’s Rule, for calculating how animals might accrue indirect fitness 
benefits. Hamilton’s rule states that a behaviour will be favoured by selection when 




recipient, (b) is the behaviour’s benefit to the recipient, and (c) is the behaviour’s cost 
to the actor (Hamilton, 1964). Put more simply, cooperative behaviours will be 
favoured when the benefit to the recipient, weighted by the degree of relatedness 
between recipient and actor, is greater than the cost of the behaviour to the actor. 
Hamilton’s rule predicts that cooperation between kin will be most common between 
partners with a high degree of relatedness (r), or when the cooperative behaviour 
provides a large fitness benefit (b) for a low fitness cost (c) (Hamilton, 1964). 
However, Hamilton’s rule only provides a solution to the problem of cooperation 
between kin, cooperation between non-kin requires another set of solutions.  
1.3 Cooperation between Non-Kin: Direct Fitness Benefits  
Where cooperation between relatives can be somewhat costly to the actor, 
cooperation between non-relatives must be mutually beneficial to evolve. That is, 
actors who direct costly cooperative behaviours toward non-relatives must receive a 
fitness benefit above and beyond the cost of their original investment in return. The 
direct fitness benefits for non-kin cooperation fall into two main categories. The first 
category includes behaviours that benefit the actor automatically (by-product 
mutualism), or as a by-product of a recipient’s self-interested act (pseudo-reciprocity) 
(West et al., 2007). The second category includes behaviours in which actors 
provide a costly benefit contingent on receiving a benefit of equal or greater 
magnitude in return (reciprocity) (West et al., 2007). Both categories are described in 





1.4.1 By-product Mutualism and Pseudo-reciprocity  
By-product mutualism occurs when an individual receives a direct fitness 
benefit simply from being in the presence of other individuals performing self-serving 
behaviours (J. L. Brown, 1983; West-Eberhard, 1975). It is the  “simplest” form of 
cooperation, requiring the fewest conditions to evolve (Clutton-Brock, 2009). By-
product mutualism does not require kinship between actors, a facilitating group 
structure, or specific cognitive conditions (Clutton-Brock, 2009). Examples of by-
product mutualism include cooperative hunting in African wild dogs and other canids, 
and group augmentation effects for territory defence like those found in meerkats 
(Clutton-Brock, 2002). Pseudo-reciprocity is similar to by-product mutualism and can 
be described as “investing in by-product mutualism.” In pseudo-reciprocity an actor 
performs a costly behaviour that promotes a recipient’s self-serving behaviour, which 
in turn benefits the original actor (Connor, 1986, 1995a; Liemar & Connor, 2003). For 
example, colonial nesting swallows that feed on difficult to track swarms of insects 
give out calls while feeding. These calls draws conspecifics to the swarms who in 
turn give their own feeding calls, allowing the first caller to track the swarm and 
increase their own feeding time (Brown, Brown, & Shaffer, 1991). As long as the 
returned benefit is greater than the initial investment, the cooperative behaviour will 
be favoured. It differs from by-product mutualism in that it requires a costly 
investment, and differs from reciprocity in that the recipient’s returned behaviour is 
self-serving and so guaranteed (Bergmüller, Johnstone, Russell, & Bshary, 2007; 






Although by-product mutualism and pseudo-reciprocity may be prevalent in 
nature, the explanation for cooperation between non-kin that has received by far the 
most attention and amassed the largest body of theoretical and empirical evidence is 
reciprocity (Clutton-Brock, 2009; West et al., 2007). Reciprocity involves a reciprocal 
exchange between two partners that take turns performing behaviours that are costly 
to the actor, but beneficial to the recipient. Reciprocity assumes that the benefits 
gained by the recipient are greater than the costs paid by the actor so that by taking 
turns, individuals balance the costs and benefits of the cooperative behaviour, 
overall leading to a gain in net benefits for both partners (Axelrod & Hamilton, 1981; 
Trivers, 1971).  
The difference between reciprocity and other forms of cooperation is that the 
invested cost and returned benefit occur over two distinct behaviours, the first giving, 
the second receiving. This means that reciprocity almost always has a built-in time 
lag between invested cost and returned benefit that can be abused by cheaters. As a 
result, cooperation in reciprocal exchanges can only be maintained so long as 
animals have a way to select which partners to cooperate with, or a way of  
encouraging partners to be more cooperative (Clutton-Brock, 2009; West et al., 
2007). Indeed, three main forms of reciprocity have been proposed, which differ in 
the criteria individuals use when deciding which individuals to cooperate with: direct, 
indirect, and generalized reciprocity.  
 
1.4.2.1 Direct Reciprocity  
In direct reciprocity individuals are more likely to cooperate with those that 




have helped you”. This form of reciprocity was first suggested by Robert Trivers in 
1971 who gave it the name “reciprocal altruism.” This term is still widely used in the 
cooperation literature but has been the centre of debate for decades (for a full 
discussion see (Carter, 2014)), resulting in multiple terms referring to the same 
process: reciprocal altruism, reciprocal cooperation, contingent cooperation, and 
direct reciprocity. To avoid confusion, we will refer to this form of cooperation as 
direct reciprocity. 
Since the inception of the theory there has been debate about the number of 
examples of direct reciprocity that exist in nature (Stevens & Hauser, 2004). Many 
examples of direct reciprocity have been presented. For example, humans 
reciprocate when they are the recipients of cooperative acts, and overtime build 
successful cooperative relationships (Melis & Semmann, 2010; Rand, Ohtsuki, & 
Nowak, 2009). Many non-human primate species appear to exchange grooming 
reciprocally between female partners (Schino & Aureli, 2008), and also to exchange 
grooming for other commodities, such as social tolerance (Tiddi et al., 2011), access 
to infants (Barrett et al., 1999b), and coalitionary support (Cheney, 1977; Cheney & 
Seyfarth, 1990; Seyfarth, 1980). Outside of primates, direct reciprocity has been 
used to explain blood donations in vampire bats (Desmodus rotundus) (Carter & 
Wilkinson, 2013), nest defence in pied fly-catchers (Ficedula hypoleuca) (Krams, 
Krama, & Igaune, 2008), sentinel behaviour in dwarf mongoose (Helogale parvula) 
(Kern & Radford, 2018), predator inspection in sticklebacks (Gluteroneu aculeatus) 
(Milinski, 1987), and turn-taking in migratory bird formations in northern bald ibis 
(Geronticus eremita) (Voelkl et al., 2015). The examples provided indicate direct 
reciprocity is present in exchanges of benefits between individual interactions 




interactions with common partners (Schino, Di Sorrentino, & Tiddi, 2007; Schino & 
Pellegrini, 2009). However, some authors contend that direct reciprocity is 
unimportant outside of humans, pointing to a number of examples that have been 
contested and to the availability of alternative explanations (Dugatkin, 1977; 
Hammerstein, 2003). A commonly stated argument against direct reciprocity is that it 
requires complex cognitive processes (Stevens & Hauser, 2004). By which they 
mean that in order to perform direct reciprocity an animal must be able to identify 
individual groupmates, and keep track of the outcomes of past cooperative 
exchanges  , which may be beyond the abilities of most non-human animals 
(Dugatkin, 1977; Stevens & Hauser, 2004). However, less cognitively demanding 
mechanisms by which direct reciprocity could be maintained have been proposed 
(Noë, 2006; Raihani & Bshary, 2011; Schino, Di Giuseppe, & Visalberghi, 2009) and 
the long list of reciprocal exchanges in nature that could represent direct reciprocity 
continues to grow (Schino & Aureli, 2009, 2010a, 2010b).  
 
1.4.2.2 Indirect Reciprocity  
The second form of reciprocity, indirect reciprocity, is based on the idea of 
reputation, where individuals use the rule “help those who help others.” In other 
words, individuals should be more likely to cooperate with a partner who has a 
history of cooperating with others (Bshary & Grutter, 2006; Leimar & Hammerstein, 
2001; Nowak & Sigmund, 2005). Indirect reciprocity is advantageous because it can 
be used when animals lack first-hand experience with a potential partner but have 
observed that individual interacting with others (Nowak & Sigmund, 1998, 2005). 
Indirect reciprocity also incentivizes individuals to themselves be cooperative, 




cooperative partner (Nowak & Sigmund, 1998, 2005). Indirect reciprocity has been 
supported by theoretical evidence from game theory models under varied conditions 
(Nowak & Roch, 2007; Nowak & Sigmund, 2005), and by empirical evidence from 
humans, where reputation has been shown to promote cooperation (Sommerfeld, 
Krambeck, Semmann, & Milinski, 2007; Sylwester & Roberts, 2010), song sparrows 
(Melospiza melodia), which practice mutual restraint with territorial neighbours 
(Akçay, Reed, Campbell, Templeton, & Beecher, 2010), and from cleaner wrasse 
(Labroides dimidatus), that modify their behaviour in the presence of an audience 
(Redouan Bshary, 2002).  
 
1.4.2.3 Generalized Reciprocity  
The third form of reciprocity is termed generalized reciprocity and can be 
described by the rule “help if you are helped.” Receiving cooperation should 
therefore make an individual more likely to cooperate with all others, including their 
most recent partner (Pfeiffer, Rutte, Killingback, Taborsky, & Bonhoeffer, 2005). 
Because it includes an actor’s most recent partner, generalized reciprocity therefore 
encompasses direct reciprocity (Hamilton & Taborsky, 2005; Nowak & Roch, 2007). 
While both direct and indirect reciprocity assume individual recognition and some 
tabulation of social exchanges, generalized reciprocity does not require either and 
individuals can base their decision to cooperate solely on the outcome of their last 
cooperative interaction. (Pfeiffer et al., 2005; Rankin & Taborsky, 2009).  For this 
reason, generalized reciprocity is assumed to be less cognitively demanding than 
either direct or indirect reciprocity (Stevens & Hauser, 2004). Theoretical models 
have shown that generalized reciprocity is evolutionarily viable, demonstrating that 




not to cooperate based solely on the outcome of their most recent interaction, 
regardless of the identity of their present cooperative partner (Pfeiffer et al., 2005). 
These theoretical results have been supported by recent empirical evidence from 
laboratory-based experiments on humans and non-human animals. For example, a 
study of 4-year-old humans and capuchin monkeys (Cebus apella) found that 
individuals in both species paid forward the positive and negative outcomes of an 
identical testing apparatus (Leimgruber et al., 2014). Laboratory experiments using 
dogs (Canis familiaris), rats (Rattus norvegicus), and guppies (Poecilia reticulata), 
have also shown that individuals are more cooperative toward conspecifics after they 
receive cooperation themselves (Edenbrow et al., 2017; Gfrerer & Taborsky, 2017; 
Rutte & Taborsky, 2007, 2008). In addition to laboratory-based experimental work, a 
small number of observational studies have investigated generalized reciprocity in 
captive and wild primates. Two studies examining the reciprocal exchange of 
grooming for grooming in long-tailed (Macaca fascicularis) and Barbary macaques 
(Macaca sylvanus) (Majolo et al., 2012; Molesti & Majolo, 2017) as well as two 
studies examining the exchange of grooming for food in chimpanzees (Pan 
troglodyte) (Brosnan et al., 2009; De Waal, 1997) all found no evidence that 
generalized reciprocity was mediating cooperative exchanges. Although 
experimental evidence is the gold-standard of studies of cooperation – allowing 
causation to be distinguished from correlation – experimental studies of generalized 
reciprocity have thus far been limited to laboratory-based experiments, and thus 
whether or not generalised reciprocity exists in naturalistic systems amongst 





1.4.2.4 Comparing Reciprocal Mechanisms  
Direct, indirect and generalized reciprocity are not mutually exclusive. All 
three forms of reciprocity could theoretically be present in the same species and 
used in combination with one another. Actors could use past cooperative interactions 
with a partner to determine whether to cooperate with that partner again. But in the 
absence of past direct interaction, an actor could use social information to assess 
the reputation of a potential partner. Finally, in the absence of any information on a 
partner, an individual could choose to cooperate based on the outcome of their most 
recent cooperative interaction. Indeed, a small number of studies have compared 
multiple forms of reciprocity within a single study system. In chimpanzees, 
individuals that received grooming shared more food with their recent grooming 
partner, but not with any other groupmates (De Waal, 1997), suggesting exchanges 
operate according direct but not generalized reciprocity. Laboratory rats cooperated 
more towards known partners that previously cooperated with them compared to 
unknown partners that provided the same cooperation, suggesting that direct 
reciprocity generates more cooperative tendencies than generalized reciprocity 
(Rutte & Taborsky, 2008). A study of grooming patterns generated over three 
months of observations of long-tailed macaques found correlational evidence in 
support of direct reciprocity, weak evidence for indirect reciprocity, and no evidence 
for generalized reciprocity (Majolo et al., 2012). When the same researchers looked 
for short-term temporal relationships between grooming bouts they found evidence 
for direct but not indirect or generalized reciprocity (Molesti & Majolo, 2017). Overall, 
when comparing types of reciprocity in the same system, all studies to date found 
evidence of direct reciprocity, but no evidence of generalized or indirect reciprocity. 




either observational studies of spontaneous natural behaviour, or laboratory-based 
experiments of instrumental helping tasks. Future studies of reciprocity are therefore 
needed that investigate multiple forms of reciprocity use experimental methods in a 
single natural study system.  
 
1.4.2.5 Time Component of Reciprocity  
There are two times scales over which the exchange of behaviours via 
reciprocity can occur (three really – immediate exchange is the third). One incidence 
of cooperation can be followed by another after a short-term temporal period (a few 
minutes or hours) or can be separated by longer periods of time (a few days, weeks, 
months). Short- and long-term temporal scales manifest themselves differently in 
direct, indirect, and generalized reciprocity. In direct reciprocity based on short-term 
exchange, animals would be most likely to cooperate with their more recent 
cooperative partners, while in the long-term individuals would cooperate most often 
with partners that cooperate most with them. In the short-term, indirect reciprocity 
would be expected to result in animals that cooperate with the individual that 
cooperated with others most recently, and in the long term would result in individuals 
that cooperate most with individuals that provide the most cooperation overall. 
Finally, in the short-term, generalised reciprocity would be expected to result in 
animals that direct cooperation to a groupmate shortly after receiving cooperation, 
and in the long-term would be expected to result in the animals that receive the most 
cooperation overall would provide the most cooperation to others. Thus far, studies 
have investigated all three forms of reciprocity operating over short temporal periods 
(Bshary, 2002; Getty et al., 2004; Rutte & Taborsky, 2007), but only direct reciprocity 




exchange (Schino & Aureli, 2010b). Future studies of reciprocity are therefore 
required that simultaneously examine the existence of multiple forms of reciprocity in 
the same study system, and that include exchanges of cooperative behaviours that 
occur over both short and long periods of time. 
In this thesis, I investigate direct and generalized reciprocity expressed over 
both short and long periods of interaction. In particular, I examine the exchange of 
grooming for coalitionary support between adult female rhesus macaques. Below I 
provide a brief overview of reciprocity in non-human primates, outline previous 
evidence for the exchange of grooming for coalitionary support in non-human 
primate females, and provide a general description and justification for the use of the 
rhesus macaque as a study species in this context.  
1.5 Reciprocity in Non-Human Primates  
Group-living primates make especially excellent subjects for the study of 
reciprocity because they possess many of the characteristics required for reciprocity 
to evolve (Trivers, 1971). Primates recognize one another as individuals (Pfefferle, 
Ruiz-Lambides, & Widdig, 2015; Pfefferle, Ruiz-lambides, & Widdig, 2014; Widdig, 
Nurnberg, Krawczak, Streich, & Bercovitch, 2001) and live in stable social groups 
where individuals interact repeatedly with their groupmates (Campbell, 2011). There 
is also evidence that group-living primates monitor the activities of their groupmates 
and modify their behaviours in response to that information (Fruteau, Voelkl, van 
Damme, & Noe, 2009; Pfefferle, Heistermann, Hodges, & Fischer, 2008). 
Primates direct most cooperative behaviours towards their kin, but 
cooperation between non-kin has also been widely documented (Schino & Aureli, 




which non-human primates engage, two have received the most attention: 
allogrooming, hereafter called grooming, and coalitionary support (Silk, 2005).  
Grooming is a behaviour performed by pairs of individuals where one partner 
picks through the fur of the other, removing dead skin, dirt, and parasites (Hutchins & 
Barash, 1976). It is the most common social behaviour in primates, comprising 20% 
of individuals’ daily activity budget in some species (Dunbar, 1991). Grooming has 
played a central role in the study of reciprocity because it is unmistakable, easily 
documented, and has an inherent reciprocal structure; where individuals take turns 
repeatedly grooming one another within a single grooming bout (Brosnan & Waal, 
2002; Cheney, 2011; Henzi & Barrett, 1999; R. Seyfarth, 1977; Silk, 1982; Wu et al., 
2018). 
One reason grooming has received so much attention in the study of 
reciprocity is that primates exchange grooming for a number of social currencies, 
such as food (De Waal, 1997), tolerance (Borgeaud & Bshary, 2015; Henzi & Barrett, 
1999; Silk, 1982; Tiddi et al., 2011), and coalitionary support (Cheney, Moscovice, 
Heesen, Mundry, & Seyfarth, 2010; Hemelrijk, 1994; Palombit, Seyfarth, & Cheney, 
1997). Of these, the exchange of coalitionary support for grooming has received the 
most attention, potentially as a result of the costly nature of coalitions. Coalitionary 
support occurs when an individual intervenes in on behalf of one of the participants 
in an agonistic conflict (Chapais, 1995). It is particularly costly because the 
supporting individual risks sustaining an injury or becoming a target of redirected 
aggression from the unsupported combatant (Chapais, 1995). This is particularly true 
in more despotic and aggressive species, where conflicts are more likely to escalate 
to physical violence (Chapais, 1992; Kaplan, 1978). Coalitionary support is found in 




baboons Papio ursinus (Cheney, 1977), vervets Cercopithecus aethiops, (Horrocks 
& Hunte, 1983; Seyfarth & Cheney, 1984), and numerous species of macaque 
(Bernstein & Ehardt, 1985; Chapais, Girard, & Primi, 1991; Cords, 1988; Kaplan, 
1978; Kurland, 1977; Massey, 1977; Silk, 1982)].  
 Indeed, the exchange of grooming for coalitionary support has been set 
forward as one of the main organising principles of primate social groups. In 1977, 
Robert Seyfarth proposed that highest-ranking primates are the most desirable 
coalition partners because they are more successful at winning conflicts. As a result, 
Seyfarth proposed that individuals groom their higher-ranking groupmates in 
exchange for coalitionary support (Seyfarth, 1977). Individuals closest in rank to one 
another would be most successful at competing for grooming access compared to 
females with greater distance between their ranks, leading to a pattern whereby 
animals of similar rank groom and support one another most often (Seyfarth, 1977). 
This model of organization in social primates, termed “the standard model”, has been 
highly influential because it makes specific predictions about social exchanges and 
their underlying mechanisms. The standard model predicts that low ranking 
individuals will provide more grooming than high ranking individuals and the 
grooming will be directed at females of a higher rank. It predicts that in exchange 
high ranking individuals will provide more coalitionary support than low ranking 
individuals and will direct that support towards females of lower rank. The standard 
model predicts that the exchange of grooming for coalitionary support is mediated by 
direct reciprocity, so females should be more likely to provide support to females that 
have groomed them. 
A number of studies have tested the prediction laid out in the standard model, 




individuals and direct it up the hierarchy (Schino, 2001; Seyfarth, 1980; Silk, 1982; 
Tiddi et al., 2012; Wu et al., 2018), and that high-ranking individuals provide 
coalitionary support more often than low ranking individuals, and do so down the 
hierarchy (Schino, 2001; Silk, 1992; Silk, Alberts, & Altmann, 2004a). However, of 
the standard model’s main predictions, the one that has been the most difficult to 
demonstrate is the exchange of grooming for coalitionary support by direct 
reciprocity.  
 The most consistent evidence that grooming is exchanged for coalitionary 
support comes from the correlational studies of long-term interactions. Many studies 
have found a positive within-dyad correlation between the amount of grooming and 
coalitionary support exhibited by pairs of individuals, which cannot be explained by 
covariation with rank or kinship [male bonnet macaques (Macaca radiata) (Silk, 
1992) female Japanese macaques (Schino et al., 2007); male chimpanzees (Mitani, 
2006) female vervet monkeys (Cheney & Seyfarth, 1990)]. In other words, these 
results show that individuals spend the most time grooming the individuals to which 
they provide coalitionary support and provide coalitionary support most often to 
those individuals with whom they groom. However, researchers have failed to find 
associations between grooming and coalitionary support in other studies [female 
bonnet macaques (Silk, 1982); female rhesus macaques (de Waal & Luttrell, 1986) 
female baboons (Silk et al., 2004a)]. A 2007 meta-analysis compiled the data of 25 
grooming-for-support studies from 14 species and found weak evidence of a 
correlation between grooming and coalitionary support (r = 0.166) (Schino, 2007). 
When the analysis was limited to 9 studies that accounted for maternal relatedness 
between partners, either statistically or by excluding maternally related dyads, 




coalitionary support (Schino, 2007). None of the studies included in the meta-
analysis accounted for paternal relatedness between partners. Despite the empirical 
weight of this result, correlational studies cannot infer causal relationships. This 
study indicates that a relationship exists between grooming and coalitionary support, 
but it does not indicate whether reciprocity, by-product mutualism, or kin-selection 
through paternal relatedness is responsible for the relationship.  
In contrast to the many observational studies of grooming and coalitionary 
support, only three experiment have investigated the influence of an individual 
receiving grooming on the likelihood that they provide coalitionary support. These 
three experiments represent the best evidence to date that the relationship between 
grooming and coalitionary support is based on direct reciprocity (Cheney et al., 2010; 
Hemelrijk, 1994; Seyfarth & Cheney, 1984). The first of these experiments is the 
classic playback study conducted by Seyfarth & Cheney (1984). In this study, 
conflicts between pairs of adult female vervets were simulated using previously 
recorded vervet monkey “chutters”, a call used by individuals to recruit coalitionary 
supporters during conflicts. The study measured females’ responses to recruitment 
calls played from a concealed speaker in one of two conditions. In the first condition, 
females were groomed shortly before hearing the recruitment call belonging to their 
most recent grooming partner. In the second condition, females had no prior 
interaction with the female whose call they were played. The amount of time females 
looked in the direct of the speaker was used as an indication of their willingness to 
provide coalitionary support to the caller. The results of this experiment showed that 
female vervet monkeys looked longer towards the recruitment call of a female to 
which they were maternally unrelated if that female had groomed them shorty before 




them (Seyfarth & Cheney, 1984). This result led the study’s authors to conclude that 
females were more willing to provide support to unrelated females that had recently 
groomed them (i.e., that direct reciprocity was the mechanism underpinning the 
exchange of grooming for coalitionary support). 
A second study artificially induced grooming between unrelated adult female 
long-tailed macaques housed in groups of three, by smearing a sticky mixture of 
seeds and syrup on the back of one of the females. After recording which of the 
other two females groomed the syrup covered female, investigators induced a 
conflict by providing the females with small pieces of food and documented the 
formation of coalitions. The results of this study are in line with those of Seyfarth & 
Cheney (1984); females were significantly more likely to join coalition on the side of 
the female that had recently groomed them (Hemelrijk, 1994). This study has the 
advantage of measuring relationship between grooming and actual likelihood of 
support, as opposed to stand in measures like looking time, however, the conditions 
under which the animals provided support are far from their natural group-living 
setting where they have the option of multiple cooperative partners.  
The third and most recent experimental study of grooming and coalitionary 
support was a replication of the 1984 playback experiment, this time with baboons 
(Cheney et al., 2010). This study also included an additional condition to control for 
the possibility that any prior interaction with a caller might affect a female’s response 
to a subsequent recruitment call. In this experiment researchers played recruitment 
calls to a maternally unrelated female baboon shortly after either 1) no prior 
interaction with the caller, 2) a neutral interaction with the caller, or 3) receiving 
grooming from the caller. They also used whether or not females’ first move was in 




instead of looking time. The results of this study confirmed the previous results in 
vervets, that females were more likely to approach the calls of recent unrelated 
grooming partners. The result indicates that not just any prior interaction with a caller 
primes females to respond more strongly to recruitment calls, but that grooming in 
particular caused the change in response (Cheney et al., 2010).  
Together, these three experiments contribute substantial evidence that 
grooming is exchanged for coalitionary support through reciprocity. However, the 
results of these studies, and their implications, are not without limitations. Although 
these experiments demonstrate that reciprocity is the most likely mechanism 
underpinning the exchange of grooming for coalitionary support, they do not isolate 
the form of reciprocity is responsible. All three studies state the underlying 
mechanism to be direct reciprocity. However, generalized reciprocity can also 
explain instances of direct reciprocation (see section 1.4.2.3) and none of the three 
experiments rule out the possibility that females are simply providing coalitionary 
support to any groupmate after receiving grooming (Pfeiffer et al., 2005).  
Additionally, in all three studies only maternal and not paternal relatedness of 
experimental partners was known. Paternal relatedness can drive kin selection in 
female old world monkeys (Widdig et al., 2001; Widdig, Nürnberg, Krawczak, & 
Streich, 2002). It is therefore possible that some experimental pairs in these studies 
were paternal relatives and their increased willingness to provide support could be 
based on kin selection rather than reciprocity.  
Lastly, these experiments only investigate how female’s willingness to provide 
support is affected by their most recent grooming interactions. It seems unlikely that 
a single instance of grooming would provide a sufficient benefit to warrant an 




needed for a reciprocal exchange of the two behaviours. To better align with 
correlational studies that use longer-term data to investigate the relationship 
between grooming and coalitionary support, experimental studies should examine 
how repeated grooming interactions with a partner over time could affect a female’s 
willingness to provide coalitionary support. 
A true test of these experimental findings and Seyfarth 1977’s proposed 
model of grooming-for-support would test both direct and generalized reciprocity as 
possible mechanisms in a study system with known paternal and maternal 
relatedness. Such a study would also investigate how receiving grooming affects 
female’s willingness to provide support in the short-term as well as how repeated 
instances of grooming overtime affect willingness to provide support to a single 
grooming partner or members of a group as a whole.  
1.6 Study System: Rhesus macaques  
Rhesus macaques have been used in numerous past studies of reciprocity (de Waal 
& Luttrell, 1988; Kaplan, 1978; Kapsalis & Berman, 1996b). They possess many of 
the life-history characteristics that make cercopithecines ideal for studying 
cooperation. Rhesus macaques are female philopatric, live in large stable social 
groups with a female dominance hierarchy, and preform a range of cooperative 
social behaviours including grooming and coalitionary support (Campbell, 2011). 
They are also largely terrestrial, meaning their interactions are easily observable 
(Thierry, Singh, & Kaumanns, 2004).  
Unlike many other old world monkeys, rhesus macaques possess an 
especially steep dominance hierarchy and are characterized by a despotic social 
structure in which rank plays an exaggerated role in individual’s access to resources 




ranking in the dominance hierarchy is associated with a number of fitness benefits 
such as higher reproductive output, earlier maturation of offspring, increased infant 
survival, and a shorter interbirth periods (Blomquist, Sade, & Berard, 2011; Brent, 
Heilbronner, et al., 2013; Flack & de Waal, 2004; Silk, 1987). The exaggerated 
differences in rank related resources make rhesus macaques ideal for the testing the 
mechanisms that govern behavioural exchanges between individuals with unequal 
social capital, like the exchange of grooming for coalitionary support described in 
Seyfarth 1977’s model.  
1.7 Study Goals 
Extensive research has been conducted into cooperation between non-relatives. The 
mechanism most widely posited to explain cooperation between non-relatives is 
reciprocity. But within reciprocity, research has been disproportionally focused on 
only one of the three possible forms, direct reciprocity, despite evidence that 
generalized and indirect reciprocity are evolutionarily viable (Nowak & Sigmund, 
1998; Pfeiffer et al., 2005). Studies of reciprocity have also tended to focus on either 
long- or short-term patterns of cooperative exchange, rarely taking both patterns into 
consideration within a single study system. Lastly, studies of reciprocity have failed 
to sufficiently rule out the role of kin selection because few studies have information 
on full degree of relatedness between study subjects (Clutton-Brock, 2009; Stuart A. 
West et al., 2007; Widdig et al., 2001).  
The aim of this study is to modify the classic Seyfarth & Cheney 1984 
playback experiment to test for the presence of both direct and generalized 
reciprocity in the exchange of grooming for coalitionary support in the rhesus 




recent grooming, as well as the effect of grooming interactions over extended 
periods, on adult females’ willingness to provide support to unrelated adult females.  
We take advantage of the Cayo Santiago long-term pedigree, which provides 
full genetic relatedness of all dyads in the population stretching back to 1992 based 
on 29 micro-satellite DNA markers from blood samples (Widdig et al., 2016). Our 
experimental dyads can thus be restricted to maternally and paternally unrelated 
animals. This study will also provide the first experimental test of generalized 





Chapter 2: Direct and generalized reciprocity in the cooperative 
exchanges of Rhesus macaques 
 
2.1. Introduction 
Cooperative behaviours, that is behaviours that evolved as a consequence of 
the benefits they provide to the recipient of the behaviour, are widespread among 
animals (Stuart A. West et al., 2007). Cooperative behaviours between relatives can 
be explained by kin selection (W. D. Hamilton, 1964), but cooperation between non-
relatives is a long standing evolutionary mystery (West et al., 2007). One of the main 
explanations proposed for the evolution of cooperation between non-relatives is 
direct reciprocity, where individuals cooperate with those partners that have 
cooperated with them in the past (Axelrod & Hamilton, 1981; Trivers, 1971). By 
taking turns performing and receiving the cooperative behaviours, both partners 
receive the benefits of the cooperation, thus re-cooping the costs of their initial 
investments (Axelrod & Hamilton, 1981; Trivers, 1971). Yet, despite 40 years of 
research, relatively few examples of direct reciprocity have been documented. 
Moreover, many of the previously proposed cases have been contested (Hart & Hart, 
1992; Krams, Krama, & Igaune, 2008; Milinski, 1987; Packer, 1977; Wilkinson, 
1984). As an example, some cooperative behaviours initially described as direct 
reciprocity have since been shown to provide benefits, rather than costs, to the actor, 
giving rise to the possibility that other mechanisms might be responsible for their 
maintenance, such as by-product mutualism or low-cost altruism in “service 
economies” (Bercovitch, 1988; Clutton-Brock, 2009; Connor, 1995b; Noë & 
Hammerstein, 1994). Concerns have also been raised about the cognitive capacities 
required to perform direct reciprocity, with doubts as to whether animals are capable 




cooperators (Stevens & Hauser, 2004). In response to these doubts, some 
researchers suggest that animals could use simpler cognitive mechanisms (e.g., 
‘emotional bookkeeping’) to perform direct reciprocity (Aureli & Schaffner, 2002). The 
absence of direct reciprocity could also suggest that the mechanism is simply rare or 
non-existent. In this case, alternative mechanisms to explain the maintenance of 
observed cooperative behaviours is required. Other such mechanisms have been 
proposed. However, few studies have examined these alternatives.  
One simpler alternative to direct reciprocity is generalised reciprocity. 
Generalised reciprocity occurs when individuals cooperate with anyone if they have 
previously received cooperation from anyone; operating on the simple rule “help if 
you are helped” (Pfeiffer et al., 2005). To engage in generalised reciprocity, animals 
need only to recall the outcome of their most recent interaction, making it cognitively 
simpler than direct reciprocity (Rankin & Taborsky, 2009). Generalised reciprocity is 
an evolutionarily stable strategy (Pfeiffer et al., 2005) that has been shown to play a 
role in helping behaviours in lab-based experiments using rats (Rattus norvegicus), 
dogs (Canis familiaris) and humans (Homo sapien) (Emmons & McCullough, 2004; 
Gfrerer & Taborsky, 2018; Monica Y. & David, 2006; Rutte & Taborsky, 2007). In 
addition to its relative cognitive simplicity, generalised reciprocity has appealingly 
broad explanatory power – an individual cooperating on the basis of generalised 
reciprocity can direct their cooperation to any other individual, including the individual 
that originally provided the cooperation being reciprocated. In this way, generalised 
reciprocity can account for the same patterns of cooperation proposed by direct 
reciprocity. However, despite addressing doubts of cognitive requirements and its 
ability to account for patterns that have been previously attributed to direct 




laboratory setting. Few natural systems possess the circumstances needed to test 
generalised reciprocity: group-living animals that can cooperate with partners of 
known relatedness, such that the influence of kin selection can be ruled out. 
One clade of animals where individuals have access and opportunity to 
cooperate with numerous partners are non-human primates. Many primates are 
gregarious, group-living animals that cooperate repeatedly, making them appropriate 
candidates for studying reciprocity. Primates, particularly Old World monkeys, spend 
large portions of their daily activity budget picking through the fur of groupmates, 
removing dirt and parasites in a behaviour called allogrooming (hereafter called 
grooming) (Hutchins & Barash, 1976).  In many primate species, individuals 
intervene in agonistic encounters, forming an alliance with one combatant against 
the other, in a behaviour referred to as coalitionary support (Bernstein & Ehardt, 
1985). Grooming and coalitionary support are each examples of cooperative 
behaviours and have been central to cooperative research in primates (Silk, 2005). 
Both behaviours are most commonly directed at relatives, suggesting that kin 
selection partly explains the evolution of these behaviours (Schino & Aureli, 2010b). 
Conversely, exchanges of grooming and coalitionary support are also common 
between non-relatives, raising the possibility that reciprocity may also maintain these 
interactions in primate populations (Chapais, 1995; Silk, 2002).  
Indeed, the exchange of grooming for coalitionary support through direct 
reciprocity has been proposed as a central organizing principle in primate social 
groups. After observing that grooming between many female primates is directed 
towards a group’s high-ranking females, Seyfarth (1977) proposed that females 
groom up the dominance hierarchy in exchange for benefits that high-ranking 




because they are more successful in winning conflicts (Kaplan, 1978; Massey, 1977; 
Silk, 1992). Evidence from subsequent studies of social exchanges in primate 
groups support two central claims of Seyfarth’s “grooming-for-support” model – 
confirming that females’ grooming is directed up the hierarchy (Schino, 2001), and 
that low-ranking females provide more grooming than those of higher ranks 
(Chapais, 1983; Chapais et al., 1991). However, Seyfarth’s third prediction – that 
grooming is reciprocally exchanged for coalitionary support – has proven more 
difficult to demonstrate. Several observational studies have explored the relationship 
between grooming and coalitionary support in a number of primate species, with 
mixed results (Kaplan, 1978; Matheson & Bernstein, 2000; Silk, 1992; Silk, Alberts, & 
Altmann, 2004b). A meta-analysis of 36 grooming-for-support studies found a 
significant positive relationship between grooming and coalitionary support that could 
not be explained by kinship in 14 primates species (Schino, 2007). These results 
suggest that pairs of individuals that frequently exchange grooming also frequently 
exchange coalitionary support. While robust, the result of this meta-analysis is only 
correlational in nature, and thus does not causally link grooming and coalitionary 
support. Experimental manipulation of one or both behaviours are thus necessary to 
determine if grooming does, in fact, gives rise to coalitionary support in female 
primates. 
To date, two playback experiments have tested the relationship between 
grooming and coalitionary support. In the first of these experiments, researchers 
played previously recorded “chutter” calls, used to solicit support in conflicts, to wild 
female vervet monkeys (Chlorocebus pygerythrus) in one of two conditions: 1) when 
the subject hearing the call had recently been groomed by the call’s owner or 2) after 




This study found that when the caller was unrelated, subjects looked in the direction 
of the playback speaker for a longer period of time if the caller had recently groomed 
them (Seyfarth & Cheney, 1984). This was not observed when subject and caller 
were maternally related – subjects looked for the same amount of time under both 
conditions (Seyfarth & Cheney, 1984). From these results, Seyfarth & Cheney (1984) 
concluded that being groomed by an unrelated female increases the willingness of 
the groomed female to provide support in the groomer’s next conflict. A replication of 
this experiment in wild baboons (Papio hamadryas ursinus) found the same result: 
females were more likely to approach the source of a call soliciting aid if they had 
recently been groomed by an unrelated caller (Cheney et al., 2010). In this iteration 
of the experiment a third condition was added, in which the subject was aggressed 
by the caller prior to hearing their call. Individuals were not more likely to approach 
the call’s source in this condition, leading researchers to the conclusion that 
grooming in particular, and not simply any prior interaction between callers and 
subjects, increased an individual’s willingness to provide coalitionary support 
(Cheney et al., 2010).  
Together, the above experiments in Vervet monkeys and baboons provide 
evidence supporting a causal link between receiving grooming and providing 
coalitionary support in female Old-World monkeys. However, as is the case for all 
correlational studies of grooming-for-suppot, only the maternal relatedness of 
experimental dyads was known in these experiments. Paternal relatedness can also 
drive kin-selection: it has been shown that female cercopithecines are more likely to 
engage in affiliative behaviour with paternal relatives than non-kin (Widdig et al., 




grooming and coalitionary support is not being driven by kin selection, a system 
where both maternal and paternal relatedness can be accounted for is required.  
In addition to possessing incomplete knowledge of dyad relatedness, previous 
studies investigating the relationship between grooming and coalitionary support 
tend to only examine direct reciprocity, despite the possibility that generalised 
reciprocity can account for the same patterns of interaction (Pfeiffer et al., 2005). 
Experimental tests of the relationship between grooming and coalitionary support 
have also only considered the exchange of cooperative behaviours on a short-term 
interaction-to-interaction basis, not taking into account how relationships based on 
past interactions might affect an individual’s willingness to provide coalitionary 
support. However, long-term relationships might be instrumental in understanding 
reciprocal exchanges. There is limited evidence that individuals exchange benefits 
equally between individual interactions. In contrast studies have shown that over the 
course of repeated interactions, the exchange of benefits between cooperative 
partners are more balanced (Gomes et al., 2009; Schino & Pellegrini, 2009; Silk & 
Frank, 2009). Some researchers propose this is because the likelihood of two 
individuals cooperating is influenced by the partners’ history of interactions, which 
cannot be outweighed by a single interaction (Schino & Aureli, 2010a; Schino & 
Pellegrini, 2009). Long-term patterns of interaction can also be applied to 
cooperation by generalised reciprocity, where an individual’s likelihood of 
cooperating is influenced by the amount of cooperation they have received from their 
group as a whole. In this case, the long-term accumulation of interactions is with the 
entire group, not an individual, and single recent interactions can affect, but not 
necessarily outweigh, the grooming received over time from the group. What is 




support is an experimental study that can account for the effects of both maternal 
and paternal relatedness, and that examines the exchange of grooming for 
coalitionary support for evidence of both direct and generalised reciprocity. 
In the current study, we investigate the exchange of grooming for coalitionary 
support between females in a population of free-ranging rhesus macaques. In this 
population, an in-depth genetic pedigree yields information on both maternal and 
paternal relatedness for all animals, allowing any effects of kin selection to be 
accounted for. We modify the playback experiments conducted by Seyfarth & 
Cheney (1984 and 2010) to examine both direct and generalised reciprocity as 
potential mechanisms for the maintenance of cooperative exchanges, and we 
explore the influence of both short-term and long-term (accumulative) grooming 
interactions on individual’s willingness to support others. We ask four research 
questions: 1) Are female rhesus macaques more willing to provide coalitionary 
support after being groomed? (i.e., short-term generalised reciprocity); 2) Are female 
rhesus macaques more willing to provide coalitionary support to a recent grooming 
partner? (i.e., short-term direct reciprocity); 3) Are female rhesus macaques more 
willing to provide coalitionary support to past grooming partners? (i.e., long-term 
direct reciprocity); 4) Are female rhesus macaques more willing to provide 
coalitionary support if they receive more grooming from their group as a whole? (i.e., 
long-term generalised reciprocity).  
2.2 Methods 
2.2.1 Study Site and Subjects 
We conducted this research at the Cayo Santiago Field Station, a 35-acre 




studied since it was established in 1938 with a founding population of 400 Indian-
origin rhesus macaques (Macaca mulatta) (Kessler & Rawlins, 1986). At the time of 
this study, there were approximately 1600 individuals living on the island in six 
distinct social groups. Each monkey is identifiable from a unique set of ear notches 
and an assigned three-character letter number combination, which is tattooed on 
their chest and inner left thigh. The ear notches and tattoos are administered at the 
age of 1 year by the trained staff of the Caribbean Primate Research Centre 
(CPRC). The island’s monkeys are habituated to humans and have participated in 
numerous past experiments, including playback experiments (S. Gouzoules, 
Gouzoules, & Marler, 1984; Hauser, 1998; D. Rendall, Rodman, & Emond, 1996; 
Rosati, Arre, Platt, & Santos, 2016) 
Our study focused on adult females (> 6 years of age: Brent, Heilbronner, et 
al., 2013) from a single social group: Group “F”. We used adult female as subjects 
because coalitionary support occurs most frequently between the females of this 
species (Kaplan, 1978). At the time of this study, Group F was the largest social 
group on the island, comprised of 250 individuals with 81 adult females.  
We conducted this study in two phases. First, we recorded vocalizations 
during the mating season (January - May 2017) when female-female conflicts and 
their associated calls are mostly likely to occur (Gouzoules, Gouzoules, & Marler, 
1984; Le Prell et al., 2002; Rendall, Rodman, & Emond, 1996). Second, we 
conducted the playback experiment between May and September 2017, coinciding 
with the annual birthing season, when females give birth to and care for dependent 





2.2.2 Determining Relatedness Between Subjects 
Long-term data on relatedness were available for all study subjects from the 
Caribbean Primate Research Center (CPRC). These data include a maternal 
pedigree based on observed births that stretches back to the founding members of 
the population and genetic data collected since 1992, which includes known dam 
and sire for all study subjects using 29 microsatellite markers derived from DNA 
extracted from blood samples (Widdig et al., 2016). Pairs of animals included in this 
study were unrelated along both maternal and paternal lines. In keeping with prior 
playback studies on cercopithecines, we considered females to be unrelated if their 
coefficient of relatedness (r) was < 0.125 (Seyfarth & Cheney, 1984; Silk et al., 2010; 
Silk, Altmann, & Alberts, 2006). This cut-off is also in agreement with what is known 
of rhesus macaque’s capacity to differentiate between degrees of maternal 
relatedness: a study of patterns of affiliation on Cayo Santiago found that females 
behaved as though they could differentiate between degrees of closely related kin, 
but treated distant kin (r < 0.125) the same as non-kin (Kapsalis & Berman, 1996a). 
The mean relatedness between pairs in our experiment was r = 0.025 ± 0.04. We 
aimed only to test experimental dyads that were less than r = 0.125 related to one 
another, but two more closely related pairs were tested in error (r = 0.254 and 0.187, 
trials 15 and 18). These both occurred as part of our social control condition and 
were within one standard deviation of the mean latency to look and duration of 
looking values for trials of that control type (mean latency = 47.41 ± 39.7 frames; 
mean duration = 100.77 ± 92.48 frames; Trial 15: Latency = 15 frames, Duration = 
90 frames; Trial 18: Latency = 17 frames, Duration = 123 frames). Moreover, 






2.2.3 Long-Term Behavioural Data  
We used long-term behavioural data to establish the strengths of grooming 
relationships between female dyads and to determine individual dominance ranks. 
Behavioural data were collected as part of a large on-going effort to investigate 
social processes in the Cayo Santiago rhesus macaques, led by Lauren Brent. Data 
were collected using 10-minute continuous focal animal samples (Altmann, 1974) 
using Psion handheld computer in conjunction with Noldus Observer Software. 
During each focal animal sample, all affiliative and agonistic interactions involving 
the focal individual were recorded, as well as the identity of any social partners.  A 
total of 300 hours of focal animal samples were conducted on Group F females in 
2017 by a team of dedicated field assistants. This information was used to establish 
the strengths of grooming relationships between female dyads and to determine 
individual dominance ranks. 
 
2.2.3.1 Determining Dominance Rank  
Rhesus macaque dominance hierarchies are linear and transitive, meaning if 
animal A outranks animal B, and animal B outranks animal C, then animal A also 
outranks animal C. Males and females have separate hierarchies within a group, 
with all males are dominant to all females (Strier, 2011). Females are the philopatric 
sex and their ranks are maternally inherited. That is, a female acquires the rank just 
below her mother. Subsequent sisters will acquire the rank just below their mother so 
younger siblings outrank their older sisters (Strier, 2011). Closely related females 




female ranks are relatively stable over the course of a female’s lifetime (Silk et al., 
2010).  
To determine dominance ranks of our study subjects, we used two types of 
data: ad libitum observations collected opportunistically, and continuous data 
collected during focal animal samples. We used aggressive and submissive 
interactions between pairs of females with clear winners and losers as indicators of 
their dominance relationships. For example, 64P submitting to 0G5 would indicate 
that 0G5 is dominant to 64P.  
 
2.2.3.2 Grooming Relationships 
To determine which dyads exchanged grooming in the year we conducted our 
experiment, we calculated a dyadic sociality index (DSI) for every adult female dyad 
in group F in 2017 using the following formula from Silk et al., 2006:  
Equation EQ1.   𝐺"#/𝐺%& 
Where Gij is the frequency of grooming (seconds per hour observed) between dyad i 
and j, divided by the mean adjusted frequency of grooming for all dyads of group f in 
year y. The DSI is an indicator of the relative amount of grooming exchanged by a 
given dyad, where high values indicated dyads that performed more grooming than 
the average dyad in the group and low values represented dyads that performed less 
grooming than average. We used grooming data collected during continuous focal 
animal samples. The same number of focal animal samples are collected for each 
female in group F, so the observation effort is uniform, and individuals have equal 




Pairs of individuals with a DSI value of zero were used as subjects and callers 
in our null control condition, which stipulated that the caller, the individual whose call 
is played as a stimulus, cannot have groomed the subject, the individual that hears 
the stimulus, within the last year. Dyads with a DSI greater than zero were used as 
subject and caller pairs in our “long-term direct reciprocity condition”, which required 
the caller to have groomed the subject in the past year. In 10 out of our 11 long-term 
direct reciprocity condition trials the subject-caller pair had DSI values in the upper 
50% of all dyads.  
 
2.2.4 Call Collection 
Vocalizations were collected opportunistically throughout the day to maximize 
the diversity of female callers and the number of calls collected. All vocalizations 
were recorded on a Marantz PMD661MKII Portable Digital Solid-State Sound 
Recorder using a Sennheiser directional microphone (MKH 416-P48U3 with a 
windscreen). The distance between the caller and the microphone was an average 
of 9.2 m ± 4.8. We used a handheld sound pressure level meter (Peak Meter 
MS6708 Digital SLM) to record the intensity of vocalizations. After recording each 
vocalization, we recorded observational commentary using an Olympus WS-852 
digital voice recorder including: the identity of the caller; the identity or age/sex class 
of the participant(s) in the event precipitating the vocalization; the behaviour of 
participant(s) in the event; the intensity of the vocalization; and the distance from the 





2.2.4.1 Stimuli Selection 
All vocalizations were transferred to a Mac Book Pro for stimulus selection. 
Vocalizations used in our playback experiment were recruitment calls, which rhesus 
macaques use to recruit support from groupmates in conflicts against conspecifics 
(Gouzoules & Gouzoules, 2000; Gouzoules, Gouzoules, & Tomaszycki, 1998; 
Gouzoules et al., 1984). Past research has identified five types of recruitment calls 
used by rhesus macaques, used in different circumstances based on the relative 
rank of the opposing combatant, relatedness between combatants, and the severity 
of the conflict (physical or non-physical) (Gouzoules et al., 1984) (Figure 2.1). For 
our playback experiment, we used only “noisy screams”, which are typically used in 
physical conflicts with higher ranking, unrelated, groupmates (Gouzoules et al., 
1984). Noisy screams are the most commonly used recruitment call in rhesus 
macaques, comprising 42% of vocalizations in conflicts (Gouzoules et al., 1984). 
They also represent the most serious form of agonistic threat to individuals and often 
elicit the quickest and longest reaction from conspecifics (Gouzoules et al., 1984). 
Past research on the patterns of coalitionary support in Cayo Santiago rhesus 
macaques also found that individuals intervened in conflicts on the side of “victims” 
most often when the conflict was serious and involved biting (Kaplan, 1978). Noisy 
screams thus give the best chance of individuals responding to our playback stimuli.  
Prospective vocalizations were visualized as spectrograms in PRAAT 6.0.2. 
Spectrograms were visually assessed for the acoustic features of noisy screams, 
which are characteristically atonal with a wide bandwidth, often containing a region 
of dense energy between 2500 and 3000hz. Noisy screams can vary between 0.5 




screams (S. Gouzoules et al., 1984). Vocalizations identified as noisy screams were 
cut from our recordings to be processed into playback stimuli. 
 
Figure 2.1. Examples of the five recruitment call or scream classes identified by 
Gouzoules, Gouzoules, & Marler in 1984: noisy, arched, tonal pulsed, undulated. 
Screams are shown as spectrograms with each tick representing 1000 Hz. Image was 
taken from (Gouzoules, Gouzoules, & Marler, 1984). 
 
2.2.4.2 Call Editing 
We used the audio editing program Audacity 2.1.0 to prepare our recruitment 
call stimulus. Environmental noises that did not overlap with the noisy scream 
recruitment calls were removed, along with any artificial sounds at onset and offset 
of the recording. This process generated stimuli that had a high signal-to-noise ratio. 
Calls were also digitally normalized to a standard intensity to ensure each stimulus 
was the same volume when played through a speaker. Previous playback 
experiments have found that recruitment calls containing more than ten scream 




resulting in subjects discovering the playback speaker and invalidating the trial 
(Gouzoules et al., 1984). Other studies have found that macaques can distinguish 
caller identity from short bouts containing only three screams (Fugate, Gouzoules, & 
Nygaard, 2008), and there is substantial evidence to suggest that rhesus macaques 
can identify individuals from their screams alone (Fugate et al., 2008; Gouzoules et 
al., 1998; Owren & Rendall, 2003; Rendall et al., 1996; Rendall, Owren, & Rodman, 
1998). Based on these results, we selected a standard stimulus length of 5-8 scream 
bouts per recruitment call (mean of 6.47 ± 1.35 scream bouts) resulting in a mean 
stimulus length of 4.95 s ± 1.69 seconds. We cut the full-length screams to the 
above sizes and added 1 second of silence before and 10s of silence after the 
recruitment call. These intervals of silence enabled us to avoid playing the wrong 
scream or to accidentally play a second scream immediately following the first. 
 
2.2.5 Experimental Procedure  
We conducted all playback experiments using an iPhone 6 connected with a 
20m cable to a Mipro MA-707 portable speaker. All stimuli were played such that a 
subject sitting 10 meters from the speaker would hear them at the same ideal call 
intensity, which was set as the mean intensity of all calls collected at 10m: 70 dB (± 
3.2). Speaker volume was adjusted to maintain the ideal call intensity based on three 
conditions: 1) the micro-habitat type of the trial area, 2) the amount of wind noise at 
the time, 3) the distance from the speaker to the subject. The volume settings for 
each combination of conditions were previously determined using a portable sound 
level meter to test the intensity of recruitment calls at standard distances (5m, 10m, 




forest, dense forest, open hillside), and in varying degrees of wind noise (estimated 
in knots).  
The speaker was concealed as close to 90° to the side of the study subject as 
the environment would allow, with a mean distance of 10m (± 2.2) from the subject. 
One experimenter concealed the speaker and positioned themselves at least 10m 
from the speaker in a location out of the subjects line of sight to avoid the monkeys 
associating them with the speaker or its location. A second experimenter used a 
video camera placed directly in front of the subject at an average distance of 8m (± 
0.82) to record the subject’s response. Trials were conducted when the monkey 
whose call was to be played was more than 50m away or out of sight. The playback 
subject also had to be settled; not engaging in potentially distracting activities like 
feeding or sleeping. The stimulus was played when the subject was looking away 
from the speaker’s location. This was done to make the subject’s orientation toward 
the speaker when the call was played more obvious to experimenters. We recorded 
the subject’s behaviour for 20 seconds before and one minute after the stimulus was 
played. After the trial was completed, we recorded the date, time, location on the 
island, microhabitat type, amount of wind, number and identity of individuals within 
10m of the subject and the subject’s behaviour before and after the trial. We also 
drew a map including the location, orientation, and identity of the subject, as well as 
the location and distance to the speaker, camera, and any vegetation.  
The following precautions were taken to minimize habituation to the playback 
procedure: (1) no more than 2 trials we conducted per day; (2) a stimulus, once 
played, was not replayed for a month; (3) a single stimulus was not played more than 
three times total over the course of the experiment; (4) we conducted three “mock 




place but no stimulus was played; (5) individual were never used as a subject more 
than once for any given experimental condition or control; and (6) combinations of 
subject and caller were never used more than once. 
 
2.2.5.1 Measuring Responses to Playbacks 
Video recordings were analysed frame by frame with a 30 frames per second 
(fps) frame rate, using the behaviour coding software BORIS 6.3.. In order to avoid 
ambiguity in scoring responses, we defined “looking in the direction of the speaker” 
as a subject facing within 10° of the speaker’s location. The angle of the speaker’s 
location relative to the camera accompanied each video file as well as any notes 
pertaining to the height of the speaker’s location relative to the subject, i.e., 5° above 
line of sight. We assembled a database of 72 photos of a monkey facing towards 
each 5° interval of 360° to reference for facial orientation while scoring videos. A 
video coder blind to the condition type watched each video and assessed the angle 
at which the subject was looking in each frame. If the scorer determined that the 
subject was looking within 10° of the speaker’s location, they would score the frame 
as “looking” and note the angle of the subject’s gaze. 
To assess interobserver reliability, a second observer, also blind to 
experimental condition, scored each frame of a randomly selected subset (20%) of 
all videos. Interobserver reliability was calculated using Cohen’s K. The value of K 
was 0.67, which corresponds to 90% agreement (McHugh, 2012). 
We used the data collected in video coding to create two measures of 
subjects’ responses to stimuli. We had two independent response variables: latency 
to look and duration of looking. Latency to look was measured as the number of 




subject’s orientation to the direction of the speaker. Duration of looking was 
measured as the number of frames spent looking in the direction of the speaker in 
the 20 seconds following the onset of the stimulus minus the number of frames 
spend looking in the direction of the speaker in the 20 seconds preceding the onset 
of the stimulus. This adjustment was made to account for the baseline amount of 
time subjects spent looking in the direction of the speaker. No subjects were 
observed approaching the speaker during or after a trial.  
We used latency to look and duration of looking because they are the most 
commonly used measures of response strength in the primate playback literature. 
Duration of looking, often called looking time or response duration, is used as the 
primary measure of attention to a stimulus in many primate playback studies 
(Cheney & Seyfarth, 1980, 1982; Cheney, Seyfarth, & Silk, 1995; Fischer, 2004; 
Fischer, Metz, Cheney, & Seyfarth, 2001; Gouzoules et al., 1984; Hauser, 1998; 
Lemasson, Palombit, & Jubin, 2008; Palombit, Seyfarth, & Cheney, 1997; Rendall et 
al., 1996; Seyfarth & Cheney, 1984; Slocombe, Townsend, & Zuberbühler, 2009). 
There are principally two drivers of duration of looking: the importance of a given 
stimulus, and its novelty, which, in some cases, may work in opposing directions 
(Fischer, Noser, & Hammerschmidt, 2013). Animals are expected to look longer at a 
stimulus of greater social import, such as looking longer in the direction of a 
vocalization made by a relative compared to that of a non-relative (Pfefferle, Ruiz-
lambides, & Widdig, 2014). Animals are similarly expected to look longer at novel or 
unexpected stimuli compared with routine stimuli (Cheney et al., 1995; Onishi and 
Baillargeon, 2005; Slocombe et al., 2009). The dual nature of duration of looking 
means that interpretation is potentially troublesome if both novelty and social 




Latency to look is widely used as a measure of response, often in conjunction  
with duration of looking (Cheney & Seyfarth, 1980, 1982; Fischer, 2004; Fischer et 
al., 2001; Gouzoules et al., 1984; Lemasson et al., 2008; Rendall et al., 1996; 
Slocombe et al., 2009). Latency to look is a measure of a subject’s motivation to 
attend to a stimulus, or an indication of a subject’s state of arousal (Palombit et al., 
1997). Additionally, latency to look is often more identifiable than the duration of 
looking because the onset of the response is more clearly identified than the offset 
(Fischer et al., 2013).  
In this study, we evaluate latency to look and duration of looking 
independently in order to provide more detailed insight into the mechanism driving 
subjects’ responses and attention to vocal stimuli. Some researchers recommend 
using principle component analysis to generate a composite measure of response 
from multiple measurements (McGregor, 1992). This can work well for some types of 
research questions, but it can make biological interpretation of results more difficult 
because a composite measure does not necessarily have a corollary in the natural 
world (Fischer et al., 2013). Additionally, composite measures make comparing 
results between studies more cumbersome if researchers combine different 
response measures. We use the term “response strength” to refer to both measures. 
A “strong” response is one with a short latency to look and a long duration of looking, 
while a “weak” response is one with a long latency to look and a short duration of 
looking. Following from Seyfarth & Cheney (1984), the strength of a subject’s 
response to the stimulus was interpreted as their willingness to provide coalitionary 




2.2.6 Experimental Conditions  
Our experimental design consisted of four experimental conditions and two 
control conditions. In all conditions, the call played to a subject was from an 
unrelated, lower ranking, adult female of the same group. High ranking members of 
primate hierarchies participate most often in coalitionary support to non-kin (Silk, 
2005). In most cases where coalitionary support is provided to non-kin, the individual 
being supported is the victim in the conflict and is lower ranking than the supporter 
(Chapais et al., 1991; Kaplan, 1978; Massey, 1977). To ensure that rank 
relationships were held constant across trials, and to ensure the greatest probability 
of response to our playback experiment, subjects were always higher ranking than 
the female whose call they were played.  
For conditions in which the subject needed to interact with another monkey 
prior to hearing a vocal stimulus, calls were played at least 10 minutes after the 
subject and social partner had ceased interacting, but no longer than 60 minutes 
after their interaction (Cheney et al., 2010). If a subject received grooming or was 
submitted to at any point after their initial interaction, (by any other animal, including 
males, juveniles, other group members) the trial was aborted. The 10-minute delay 
was to ensure that subject and social partner’s interactions were terminated and to 
give sufficient time for the subject to move out of sight of the social partner. We 
chose a 10-minute delay period following Cheney et al. (2010), rather than the 30-
minute delay period of Seyfarth & Cheney (1984) to reduce the likelihood that 
subjects would receive grooming or submissions in the delay period. We capped the 
time in which a trial could be conducted at 60 minutes, consistent with past studies of 
grooming reciprocity that use the same time frame (Fruteau, Voelkl, van Damme, & 




Aureli, 2012; Molesti & Majolo, 2017) or shorter (Barrett, Henzi, Weingrill, Lycett, & 
Hill, 1999; Manson, Navarrete, Silk, & Perry, 2004).  
For conditions in which subjects needed to be groomed immediately prior to 
hearing a vocal stimulus, Test subject and caller pairs were selected ad libitum when 
an experimenter observed a female grooming an unrelated higher-ranking female 
whose recruitment call stimuli was available and that adhered to the limitations 
stated above. A grooming event was defined as continuous grooming lasting greater 
than 10 seconds (Majolo et al., 2012). Once an appropriate subject-caller pair was 
identified the experimenter observed and documented the grooming interaction, 
recording; the identities of the grooming partners, the duration of each grooming 
exchange, the total time partners spent grooming, and whether both females were 
groomed. The mean grooming bout length was 8.9 minutes (range: 1 – 26 minutes). 
There was no evidence that length of grooming bout preceding a playback trial had 





Figure 2.2: Diagram of Condition Types: In all experimental conditions monkey A 
grooms monkey B. In the combined grooming condition monkey B hears a 
recruitment call shortly after being groomed. The call monkey B hears in the trial 
determines which of the two sub-conditions that trial belongs to. If monkey B hears the 
call of their recent grooming partner, monkey A, the is it the direct reciprocity 
condition. If monkey B hears the call of another groupmate, monkey C, then it is the 
generalized reciprocity condition. In the long-term direct reciprocity condition 
monkey B has been groomed by monkey A in the last year, and hears the call of 
monkey A. In the two control conditions there is no grooming. In the social control 
condition monkey A submits to monkey B, subsequently monkey B hears the call of 
monkey A. In the null control condition monkey B receives no grooming or 
submission for 90 minutes and then hears the call of monkey A, who has not groomed 
them in the last year. 
 
The four experimental conditions of our experiment were the combined 
grooming condition, the direct reciprocity condition, the generalized reciprocity 




condition did not have its own trials; it was formed of the combined trials of the direct 
and generalized reciprocity condition trials. The two control conditions we used in our 
experiment were the social control condition, and the null control condition. By 
comparing females’ responses in our experimental conditions to responses in our 
control conditions we tested our four research questions.  
To test our first research question – Are female rhesus macaques more willing 
to provide coalitionary support after being groomed – we measured female’s 
responses in the combined grooming condition (Figure 2.2), in which females 
received grooming and were subsequently played the recruitment call of a female 
groupmate. In half of these trials, subjects were played the recruitment call of their 
most recent grooming partner (Direct Reciprocity Condition, Figure 2.2), while in 
the other half subjects heard the recruitment call of a female groupmate other than 
their most recent grooming partner (Generalised Reciprocity Condition, Figure 
2.2).  
To test our second research question – Are female rhesus macaques more 
willing to provide coalitionary support to a recent grooming partner? – we separately 
measured female responses in the conditions that made up the combined grooming 
condition; the direct reciprocity condition and the generalized reciprocity conditions.  
To test our third research question – Are female rhesus macaques more 
willing to provide coalitionary support to past grooming partners? – we measured 
females’ responses in the long-term direct reciprocity condition, in which subjects 
were played the recruitment call of a female with whom she had a past grooming 
relationship (Long-term Direct Reciprocity Condition, Figure 2.2) (see section 




described by their dyadic sociality index, which in 91% (10/11) of trials were among 
the highest dyadic sociality index values in the group.  
To test our fourth research question – Are female rhesus macaques more 
willing to provide coalitionary support if they receive more grooming from their group 
as a whole? – we determined how much grooming each individual female received 
from other adult females relative to the mean grooming received by all females in the 
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Equation EQ2 
Where Gi is the number of observations in which individual i received grooming from 
other adult females as a focal individual, Fi is the number of times individual i was a 
focal individual, 𝜇 is the mean of G/F for all females in group F, and 𝜎 is the 
population standard deviation of G/F for all females in group F. This formula 
produces standardized values, with a mean of zero and a standard deviation of one. 
Thus, an individual with a positive score received an above average amount of 
grooming from other adult females and an individual with a negative grooming score 
received a below average amount of grooming. Like DSI, we used a single year’s 
data to best align females’ interactions with their response to the stimulus. 
To account for the possibility that any social interaction with a caller prior to 
hearing the recruitment call primes an individual to attend more to the call, 
regardless of the interaction’s nature (i.e., affiliative or agonistic), we included a 
Social Control condition (Figure 2.2.). In this condition, subjects received a 
submission from a female and were subsequently played the recruitment call of the 




a fear grimace, displacing another monkey, being avoided by another monkey, or 
another monkey fleeing from the subject. 
To establish the baseline response to a recruitment call of a non-relative, we 
used a Null Control condition (Figure 2.2). In the null control, a subject received no 
submissions or grooming from groupmates of any sex or age class for a 90-minute 
period. At the end of the 90-minute period the subject was played a recruitment call 
of a groupmate with whom the subject had no history of grooming in the past year. 
We used the period of 90 minutes because it has been used by past playback 
experiments to establish a behavioural baseline (Cheney et al., 2010) and because it 
is 30 minutes longer than the length of time after a grooming event in which we 
conducted playback trials. 
 
2.2.7 Statistical Analyses 
2.2.7.1 Comparing experimental conditions 
All statistical analyses were conducted using the statistical package R 
(version 1.1.453, R Core Team, 2017). We analysed duration of looking data using a 
Generalised Linear Mixed Model (GLMM). GLMMs were fitted using the lmer 
function from the lme4 R package version 1.1-18 (Bates, Maechler, Bolker, & 
Walker, 2015). In 16% of our trials (10 of 64 trials) the subject did not respond to the 
playback stimulus. These “no-look trials” could not be assigned a latency to look 
value because one cannot have zero time until the onset of an event. Some studies 
have created ceiling values that have allowed them to include their “no-look” trials 
(Rendall et al., 1996; Slocombe et al., 2009). In these cases, no-look trials were 
assigned a latency to look value equal to the maximum time observers recorded 




the ceiling values can artificially inflate the latency values, skewing the overall 
distribution of data (Jahn-Eimermacher, Lasarzik, & Raber, 2011). Instead, we used 
a survival model approach that allows for the inclusion of incomplete data points, 
including no-look trials, as censored observations (Pinheiro & Bates, 2000) to 
analyse our latency to look data. We used Cox proportional hazard models with 
mixed effects and a Poisson error to test for differences in latency to look between 
playback conditions. Survival models were fitted with the coxme R package version 
2.2-10 (Therneau, 2018).  
For each of our two response measures, latency to look and duration of 
looking, we created three sets of models, each designed to answer one of our four 
research questions. In each model, the response to the playback was our dependent 
variable, and playback condition was our main predictor variable, with subject and 
caller ID included as random effects. Each model additionally contained a set of 
predictors we identified as potential confounds: the number of individuals within 10 m 
of the subject during the experiment, difference in rank between subject and caller, 
number of infants present in a subject’s family (described in detail below).  
Each model was designed to answer our four research questions. To answer 
our first research question – are female rhesus macaques more willing to provide 
coalitionary support after being groomed? – we compared subjects’ responses to 
playback stimuli in the combined grooming condition to their responses in the social 
control condition and the null control condition. Any difference in subjects’ responses 
between the combined grooming condition and our two controls must come from the 
nature of subjects’ recent interaction – grooming. 
To answer our second research question – are female rhesus macaques 




compared subjects’ responses in the direct reciprocity condition, the generalised 
reciprocity condition, the social control, and the null control. Any difference between 
the direct reciprocity condition and the generalised reciprocity condition and social 
control condition must come from the combined identity of the caller as a recent 
social partner, and nature of the recent interaction as grooming.  
To answer our third research question – Are female rhesus macaques more 
willing to provide coalitionary support to a past grooming partner? – we compared 
subjects’ responses in the long-term direct reciprocity condition and the null control 
condition. Any difference in subjects’ responses must be due to the history of past 
grooming exchanges between subject and caller. 
To answer our fourth research question – Are female rhesus macaques more 
willing to provide coalitionary support if they receive more grooming from their group 
as a whole? – we included the measure “grooming received” as a predictor in each 
of the above models.  
 
2.2.7.2 Other Predictors  
In addition to testing the impact of our experimental conditions on females’ 
responses to solicitations for aid, we included a range of other potentially important 
predictor variables in our models: 
Number of individuals near the subject at the time of the experimental trial  
We included the number of individuals within 10 m of the subject as a fixed 
effect in both models to account for the effect that audience size may have on a 
subject’s willingness to provide coalitionary support to the caller (Table 2.3). There is 
evidence that social animals modify their scanning behaviour (Di Blanco & Hirsch, 




stimuli (McComb, Packer, & Pusey, 1994) based on the number of nearby 
conspecifics. Rhesus macaques in particular have been shown to modify their 
responses to conspecific vocalizations based on the presence or absence of other 
groupmates (Semple, Gerald, & Suggs, 2009). Past playback experiments have 
used similar terms to account for how audience sizes affect playback responses 
(Fischer, 2004; McComb et al., 1994).  
Rank Distance 
We included the term “rank distance” as a binary fixed effect in the models to 
account for the effect the distance between the subject’s and caller’s dominance 
ranks might have on the subject’s response (Table 2.3.). Because a significant 
negative relationship between rank distance and affiliative behaviours, like grooming 
and coalitionary support, has been documented in several macaque species, We 
included the term “rank distance” as a binary fixed effect [stumped-tailed macaques 
(Macaca arctoides) (Nieuwenhuijsen, Slob, & van der Werff ten Bosch, 1988; 
O’Keefe, Lifshitz, & Linn, 1982), rhesus macaques (Macaca mulatta) (de Waal, 1991; 
de Waal & Luttrell, 1986), Japanese macaques (Macaca fuscata) (Onishi, Yamada, 
& Nakamichi, 2013; Yamagiwa, 2010)].  
For the purpose of comparing rank relationships between individuals, we 
divided the dominance hierarchy into three rank categories: high-ranking, medium-
ranking, and low-ranking. High-ranking individuals outranked greater than 80% of 
individuals in their social group, medium-ranking individuals outranked between 80% 
and 50% of individuals in their social group, and low-ranking individuals outranked 
fewer than 50% of individuals in their social group (Madlon-Kay et al., 2017). We 
made rank distance a binary measure with a value of 1 if the subject and caller were 




We chose a discrete rank scale over a continuous scale because female rhesus 
macaques of a single matriline occupy adjacent ranks and interact most frequently 
with members of their own matriline (Kapsalis & Berman, 1996a, 1996b). Most non-
kin interactions occurr between females belonging to rank adjacent matrilines (Strier, 
2011). This has the effect of breaking up interactions along the hierarchy into 
discrete blocks where females of similar rank interact most with one another – an 
effect that becomes more pronounced the higher the rank a female holds. Therefore, 
a binary measure indicates whether or not two individuals are likely to interact more 
frequently as a result of their ranks.   
Infant to Female Ratio 
Preliminary exploration of our data revealed a decrease in response strength 
over the course of our study period. To investigate this pattern in the data, we fit the 
date of each trial as an independent variable in our models. We found a significant 
negative relationship between response strength and trial date, with latency to 
respond increasing and duration of response decreasing as the study period 
progressed (Figure 2.3.) (Latency: Z = -2.231, P = 0.0293; Duration: t = -2.703, P = 






Figure 2.3. Subjects’ responses to playback stimulus plotted against the date of the 
playback trial across the study period. Blue = Latency to Look; Red = Duration of 
Looking. 
 
A time-related decrease in response strength could be caused by habituation 
or by seasonal effects. We compiled a list of variables related to these factors for 
further analysis. We identified two measures of habituation: the number of trials that 
had preceded each trial, and the number of trials each subject had previously 
participated in. Measures of seasonal effects were related to the presence of new 
infants at the field station. Rhesus macaques are seasonal breeders, with a 5-month 
period of the year in which sexually mature females in the group give birth (Kessler & 
Rawlins, 1986). Previous studies have shown that patterns of social interaction in the 
group change during this period (Brent, MacLarnon, et al., 2013; Tilford, 1982). The 
level of intragroup conflict decreases in relation to the mating season (Berman, 1980; 
Tilford, 1982), affiliative interactions between matrilines decrease, leading to less 




2013), and the size of the group increases as infants are born. The additional 
attention required for parental care, combined with the changing patterns of 
interaction, could affect female willingness to provide coalitionary support to non-
relatives. Our study period coincided with the annual birthing season on Cayo 
Santiago (Brent, MacLarnon, et al., 2013) and so we included measures of the 
birthing season’s progress: the number of infants in the group at the time of the trial, 
whether or not a subject had an infant at the time of the trial, and the ratio of infants 
to females in a subject’s matriline at the time of the trial. The last variable was 
included to account for the assistance in parental care provided by matriline 
members (Table 2.3).  
All measures of the birthing season’s progress were highly correlated 
because they were different measures of the same process (time). For this reason, 
we compared each model with each variable using Akaike Information Criterion (AIC; 
Akaike, 1974; Burnham & Anderson, 2004) values, the most widely used criterion in 
the model inferencing and averaging literature (Grueber, Nakagawa, Laws, & 
Jamieson, 2011). Models with >2 AIC (ΔAICc) were considered statistically distinct 
and the model with the lowest AIC for each measure was considered to be the best 










Table 2.1. Candidate models used to explore the relationship between trial date and 
latency to look. Models are ranked with lowest AIC value at the bottom. The lowest 
AIC value is highlighted. 
 
Predictor Variable  AIC △AIC Coef Exp(Coef) Se(coef) Z P 
Trial Date 350.1 0.0 -0.258 0.773 0.183 -2.231 0.029 
Trial Number  348.8 -1.3 -0.113 0.988 0.007 -1.56 0.123 
Number of Trials Participated 344.5 -5.6 -0.184 0.831 0.204 -0.91 0.362 
Number of Infants in the Group  343.6 -6.5 -0.017 0.984 0.008 -1.98 0.048 
Focal has Infant 343.0 -7.1 -0.750 0.472 0.374 -2.01 0.045 
Infant to Female Ratio 342.8 -7.3 -1.070 0.343 0.564 -1.9 0.050 
 
 
Table 2.2. Candidate models used to test the relationship of trial date on the duration 
of looking. Models are ranked with lowest AIC value at the bottom. The lowest AIC 
value is highlighted. 
  
Predictor Variable AIC △AIC Estimate  Std.Error t value  P 
Trial Date 813.9 0.0 1.84 0.64 -2.87 0.005 
Number of Infants in the Group  812.6 -1.3 -2.62 0.86 -3.04 0.003 
Trial Number  811.6 -2.6 -2.74 0.84 -3.24 0.002 
Focal had Infant 810.8 -3.1 -68.50 41.09 -1.67 0.102 
Trial Participation 810.4 -3.5 -47.60 23.38 -2.04 0.046 
Infant to female ratio 804.2 -9.7 -172.73 58.05 -2.98 0.004 
 
Indicators of seasonality were better fit to the data than indicators of habituation in all 
cases. Of all the variables examined, “infant to female ratio” had the lowest AIC for 
duration and was <2 from the lowest AIC for latency to look, meaning it was 
indistinguishable from the other models. Infant to female ratio also had the largest 
effect size in both models and was a significant or near significant predictor of both 




female ratio in all models testing to the relationship between responses to stimuli and 
experimental condition.  
Global models were created containing the predictor variables playback 
condition, grooming received, individuals in 10m, rank distances, and infant to 
female ratio and the random effects subject ID and caller ID (Table 2.3). Using a 
likelihood ratio test, global models were compared against simplified models 
containing only Playback Condition and random effects, as well as null models 
containing only random effects (Crawley, 2008). In all cases, the global models fit 
significantly better than either the condition only or null models (See Appendix Table 
2 for details). We therefore only present the results of the global models.  
Table 2.3: Description of the predictor variables used to assess responses of female 
rhesus macaques to playback stimulus. 
Predictor Variable Description 
Playback Condition The experimental condition of the playback trial (Factor with 
levels: Direct Reciprocity, Generalised Reciprocity, Social Control 
Condition, Null Control Condition, Long-Term Direct Reciprocity 
Condition)  
Grooming Received The amount of grooming a subject received in year prior to the 
experiment relative to the group average. For calculation see 
equation EQ2. A positive value indicates that the subject received 
more grooming in 2017 than the group average.  
Individuals within 10m The number of individuals within 10 meters of the subject at the 
time of the playback  
Rank Distance Binary: 1 when the subject and caller share the same rank 
category, 0 when caller and subject are in different rank 
categories (high-ranking = outrank >80% of social group, 
medium-ranking = outrank 80%-50% of their social group, low 




Infant to female ratio The ratio of new-born infants to adult females in the subject’s 
matriline, calculated as: infants in matriline /adult females in 
matriline. (Bounded at 0 and 1) 
Subject ID The identity of the monkey whose response to the recruitment call 
was being measured. 
Caller ID The identity of the monkey whose recruitment call was played 
during the playback trial.  
 
2.3 Results  
We conducted 64 trials between June 17th and September 16th, 2017. These 
included: 15 direct reciprocity conditions, 15 generalized reciprocity conditions, 13 
social control conditions, 10 null control conditions, and 11 long-term reciprocity 
conditions. Subjects looked in the direction of the playback speaker in 87.5% of trials 
(n = 56). The average latency to look was 2.02 seconds ± 2.82 seconds. The 
average duration of looking was 5.02 seconds ± 4.13 seconds.  
 
2.3.1 Does recent grooming predict willingness to support? 
Female rhesus macaques responded no differently to hearing the recruitment call of 
an adult female groupmate after recent grooming, after a recent submission, or in the 
absence of prior interaction. We found no significant difference in subjects’ latency to 
look (Fig. 2.4a) or duration of looking (Fig. 2.4b), for those that were recently 
groomed  or subjects in either the social control condition (Latency: z = -0.89, P = 
0.37; Duration: t = -0.52, P = 0.61) or the null control condition (Latency: z = -0.19, P 





 Figure 2.4. Female’s mean a) latency to look and b) duration of looking in the direct of the 
playback stimulus, divided by condition types: Combined Grooming Condition (Groomed), Social 
Control Condition (Social), and Null Control Condition (Null). Boxplots show the median, inter-
quartile range and maximum and minimum values, with outliers represented as dots. 
 
 
Table 2.4. Does recent grooming predict social response to vocal stimuli?  
Significant effects are marked in bold.   
When subjects’ responses in the direct and generalized conditions were compared 
independently, we found no significant difference in response strength in the direct 
reciprocity condition compared to the social control condition (Latency: z = 1.00, P 
=0.32, Duration: t = 0.14, P = 0.89) or the null control condition (Latency: z = 0.84, P 
= 0.40, Duration: t = -0.90, P = 0.37) (Fig. 5) (Table 2.5). Similarly, there were no 
significant differences in response strength when generalised reciprocity condition 
 
Latency to Look Duration of Looking 
Terms  Coef ± SE Exp(Coef) Z P Coef ± SE T P 
Condition            
   Combined Grooming -Social -0.28 ± 0.55 0.75 -0.52 0.61   52.41 ± 58.43 -0.89 0.37 
   Combined Grooming - Null -0.48 ± 0.56 0.62 -0.85 0.40  -11.40 ± 59.44 -0.19 0.85 
Total Grooming Received   0.26 ± 0.21 1.30 1.25 0.21    -0.74 ± 22.42 -0.03 0.97 
Rank Distance  0.93 ± 0.51 2.54 1.81 0.07   16.74 ± 50.52 0.33 0.74 
Individuals in 10m   -0.14 ± 0.08 0.87 -1.89 0.06    -8.33 ± 59.44 -1.07 0.29 



































































was compared to the social control condition (Latency: z = -1.08, P =0.28, Duration: t 
= -1.72, P = 0.09) or the null control condition (Latency: z = 0.-1.24, P = 0.22, 
Duration: t = -0.90, P = 0.37) (Fig. 2.5) (Table 2.5). 
 
Figure 2.5. Female’s mean a) latency to look and b) duration of looking in the direction of the 
playback stimulus, divided by condition types: Direct Reciprocity Condition (Direct), Generalised 
Reciprocity Condition (General), Social Control Condition (Social), and Null Control Condition 
(Null). Significant differences are denoted by a bracket and asterix. 
 
There was a significant difference in responses between the direct and generalized 
reciprocity conditions. Subjects in the direct reciprocity condition had significantly 
shorter latency to look (Fig. 2.5a) and a significantly shorter duration of looking (Fig. 
2.5b) than those in the generalized reciprocity condition (Latency: z = 2.00, P = 
0.046; Duration: t = 2.05, P = 0.046) (Table 2.5). This suggests that females that 
heard the call of a recent grooming partner looked more quickly towards the speaker 
but looked for less time than females who were groomed and subsequently heard 
the call of a female other than recent grooming partner. Interestingly, we also noted 
that duration of looking in the social control condition was visibly shorter than values 






































































in either the generalized reciprocity condition or the null control condition. This 
indicates that the two conditions in which the subject interacted with the caller prior 
to hearing the playback seemed to spend less time looking at the speaker. To 
explore this further, we created a binary parameter where all trials in which the 
subject interacted with the caller prior to the playback were scored as 1, and all trials 
in which the subject had no prior interaction with the caller were scored as 0. We 
included this binary parameter as an independent variable in two models, with 
response latency and duration as dependent variables (See appendix Table 3.). We 
used a loglikelihood test to ensure that both latency and duration models were 
significantly better than null models (Latency: Chisq = 9.52, Chi Df = 3, P = 0.02; 
Duration: Chisq = 8.23, Chi Df = 3, P = 0.04) (See appendix Tables 4. & 5.). 
 
Table 2.5. Does the identity of a recent grooming partner predict response to their vocal stimuli?  
Significant effects are marked in bold.  
The analysis showed that subjects that interacted with the caller prior hearing their 
call had a significantly shorter duration of looking than individuals who had either 
interacted with another female prior to hearing the call or had no interaction prior to 
hearing the call (Duration: t = -2.62, P = 0.01) (See Appendix Table 5.). This 
 Latency to Look Duration of Looking  
Terms Coef ± SE Exp(Coef) Z P Coef ± SE T P 
Condition         
   Direct Rec. - Generalized Rec.  1.27 ± 0.63 3.54 2.00 0.046 117.15 ± 57.10 2.05 0.046 
   Direct Rec. – Social 0.64 ± 0.64 1.90 1.00 0.32 8.76 ± 64.18 0.14 0.89 
   Direct Rec. – Null  0.58 ± 0.68 1.78 0.84 0.40 61.50 ± 67.28 0.91 0.37 
   Generalized Rec. - Social  -0.62 ± 0.58 0.54 -1.08 0.28 -108.39 ± 62.88 -1.72 0.09 
   Generalized Rec. - Null -0.69 ± 0.56 0.50 -1.24 0.22 -55.65 ± 61.016 -0.90 0.37 
   Social - Null -0.06 ± 0.58 0.94 -0.11 0.91 52.74 ± 68.41 0.77 0.44 
Grooming Received 0.25 ± 0.20 1.28 1.26 0.21 0.86 ± 21.44 0.04 0.97 
Rank Distance 0.75 ± 0.46 2.12 1.64 0.10 23.87 ± 48.92 0.49 0.63 
Individuals in 10m -0.10 ± 0.07 0.90 -1.48 0.14 -7.47 ± 7.60 -0.98 0.33 




relationship was limited to duration of looking. There was no significant relationship 
between pre-playback interaction with the caller and latency to look (Latency: z = -
1.43, P = 0.150) (See Appendix Table 4.).   
 
2.3.2 Do past social relationships predict willingness to provide support?  
We found that neither of our measures of long-term grooming interactions, either 
with the caller or with all adult females, were significant predictors of a subject’s 
response to recruitment calls. Subjects responded no differently to the recruitment 
calls of long-term grooming partners than to the recruitment calls of females who had 
not groomed them in the last year (Latency: z = -0.32, P = 0.75, Duration: t = 0.85, P 
= 0.41) (Table 2.6) (Fig. 2.6). 
 
Table 2.6. Does grooming history predict social response to a past partner’s vocal stimuli?  
 
 
Significant effects are marked in bold. Comparison of latency to look and duration of looking 




Latency to Look Duration of Looking  
Terms Coef ± SE Exp(Coef) Z P Coef ± SE T P 
Condition            
  Long-term Direct Rec. - Null -0.31 ± 0.99 0.73 -0.32 0.75 48.8 ± 57.18 0.85 0.41 
Grooming Received  0.66 ± 0.53 1.93 1.25 0.21 -33.49 ± 35.85 -0.93 0.37 
Shared Rank 0.34 ± 1.03 1.41 0.33 0.74 24.49 ± 63.35 0.39 0.70 
Individuals in 10m   -0.46 ± 0.25 0.63 -1.88 0.06 10.71 ± 15.96 0.67 0.51 




Figure 2.6.  Female’s mean a) latency to look and b) duration of looking in the direct of the playback 
stimulus, divided by condition types: Long-Term Direct Reciprocity Condition (Long-Term Direct) 
and Null Control Condition (Null). 
 
Additionally, we found no evidence for a relationship between the amount of 
grooming a subject received from all other adult females in her group in the year 
prior to the experiment and the strength of her responses to recruitment calls. The 
amount of grooming a subject received was not a significant predictor of either 
latency to look or duration of looking. This result was the same when the amount of 
grooming a subject received was the sole fixed effect in a basic model (Latency: z = 
0.29, P = 0.77, Duration: t = -0.717, P = 0.48) (See appendix Table 5.) and when it 
was included in the global model with all other fixed effects (Latency: z = 1.26, P = 
0.21, Duration: t = 0.04, P = 0.97) (Table 2.4.). 
Of the fixed effects that were included in the analysis besides our 
experimental conditions, only the ratio of infants to females in the subject’s matriline 
was a significant predictor of females’ responses to recruitment calls. In all but one 
model the ratio of infants to females in the subject’s matriline was negatively 
corelated with response strength. Relative to the size of their matriline, females with 


































































looked for less time compared to females with fewer infants in their matriline (Tables 





   
2.4 Discussion 
2.4.1 Summary of Findings  
Our results show that receiving grooming did not affect female rhesus 
macaques’ willingness to provide coalitionary support to unrelated females. 
Receiving grooming did not lead to a short-term increase in females’ willingness to 
provide coalitionary support, even to their most recent grooming partners. Nor was a 
female’s willingness to provide support affected by the accumulation of grooming 
interactions over a longer-term, with either a specific partner or the group as a whole. 
In other words, we found no evidence that grooming was exchanged for coalitionary 
support amongst non-relatives by either generalized or direct reciprocity. We 
propose that the lack of evidence for either type of reciprocity could be due to the 
despotic nature of the rhesus macaque dominance hierarchy, which strictly defines 
the costs and benefits of coalitionary support and makes it more likely for females to 
provide support as a means to gain direct fitness or inclusive fitness benefits. Below I 
discuss each of these results in turn and in greater detail. 
 
2.4.2 Does recent grooming predict willingness to provide support? 
Our results show that receiving grooming has no short-term effect on female’s 
willingness to provide support to others, which suggests that generalized reciprocity 
does not underpin the exchange of grooming for coalitionary support in unrelated 
adult female rhesus macaques. Previous studies of generalised reciprocity have 
explored short-term reciprocity in lab-based experiments using rats, dogs, and 




David, 2006; Rutte & Taborsky, 2007). After receiving help from an unknown partner 
in an instrumental cooperative task, rats were 20% more likely to help another 
unknown partner in subsequent tasks (Rutte & Taborsky, 2007). Similar 
experimental designs in both dogs and humans also demonstrated an increased 
willingness to cooperate irrespective of partner identity (Emmons & McCullough, 
2004; Gfrerer & Taborsky, 2018; Monica Y. & David, 2006). 
Building on that research, our study conducted the first experimental test of 
generalized reciprocity outside a laboratory setting. The absence of evidence for 
generalised reciprocity in our study could indicate that there are differences in the 
way animals cooperate in lab-based tasks compared to how they cooperate in a 
natural setting. For instance, animals behaving an artificial task may be more 
forthright with their cooperation because there is little cost to cooperating and a 
limited number of behavioural responses to the task available.  
  Indeed, our results more closely echo those found in observational studies of 
cooperative exchanges in free-ranging and wild primates that show that animals do 
not indiscriminately cooperate with others after receiving cooperation. Two studies of 
grooming reciprocity in macaques and two studies of the exchange of grooming for 
food in chimpanzees all found that the frequency and duration of grooming received 
did not predict the short-term likelihood that individuals would cooperate with any 
another groupmate (De Waal, 1997; Majolo et al., 2012; Molesti & Majolo, 2017; 
Waal & Brosnan, 2006). It could be that individuals do not indiscriminately cooperate 
with groupmates because there is always a criterion like relatedness, proximity, or 
previous cooperation that animals can capitalise on to obtain a greater fitness benefit 
from cooperative acts. This could be particularly true for costly forms of cooperation 




individuals to net the greatest benefit from their actions. Indeed, the animals in the 
above studies preferentially directed cooperation toward those from which they had 
previously received cooperation in a pattern consistent with direct reciprocity (De 
Waal, 1997; Majolo et al., 2012; Molesti & Majolo, 2017; Waal & Brosnan, 2006). By 
contrast, our study found no support for direct reciprocity.  
Receiving grooming did not increase females’ willingness to support recent 
grooming partners in our study. Despite a clear difference in our results from the four 
studies described above, our results do not represent the first time a study has failed 
to find evidence for the exchange of grooming for coalitionary support via short-term 
direct reciprocity. In chimpanzees (Pan troglodytes) and bonobos (Pan paniscus), 
the significant short-term reciprocal effects of grooming on food sharing disappeared 
when measures of partner’s long-term patterns of grooming were taken into account 
(Jaeggi et al., 2013). The receipt of grooming also did not increase the short-term 
probability of individuals supporting an unrelated partner in Japanese macaques 
(Macaca fuscata) (Schino, 2007). Lastly, even though unrelated coalition partners 
groom one another more often than the average unrelated dyad in captive rhesus 
macaques, there was no evidence that the member of the dyad that provided the 
most grooming received the most support (Matheson & Bernstein, 2000). In other 
words, inequalities in the amount of grooming given and received did not translate 
into coalitionary support in the way predicted by Seyfarth’s 1977 standard model. 
Our finding that receiving grooming did not increase females’ willingness to provide 
coalitionary support in an experimental setting, combined with the results of 
previously correlational studies suggest that the exchange of grooming for 
coalitionary support by direct reciprocity over short periods of time may not occur as 




It must also be noted that our results are in contrast to the findings of previous 
experimental studies of reciprocal grooming for coalitionary support. In particular, 
Seyfarth & Cheney (1984) and Cheney et al. (2010) - the playback experiments on 
which our study is based. These two playback experiments found that female vervet 
monkeys and baboons responded more strongly to recruitment calls of recent 
maternally unrelated grooming partners compared to maternally unrelated females 
that had not groomed them. However, although our study design was largely based 
on these two experimental outputs, some important differences may have 
contributed to the differences in our results. The first is the inclusion of a social 
control condition. In the original 1984 study there was no control condition to account 
for the possibility that any interaction with a groupmate could influence a subject’s 
subsequent response hearing a recruitment call from that individual - an omission 
critics have pointed to in the past (de Waal & Luttrell, 1986; Dunbar, 1991; Henzi & 
Barrett, 1999) and that was dealt with by their follow up study in 2010. In our study, 
females that interacted with a caller (either via grooming or submission) prior to 
hearing their call had significantly lower durations of looking - the measure used by 
Seyfarth & Cheney 1984 - compared to females that had no prior interaction with the 
caller. Our results therefore suggest that rhesus macaque females were influenced 
by their previous interactions with the caller, in a manner that was not specific to 
grooming.  
We also conducted our study in a population with a deeply resolved pedigree, 
where relatedness is known along both maternal and paternal lines. In contrast, the 
two previous studies had information only on the extent to which their subjects were 
maternally related (Cheney et al., 2010; Seyfarth & Cheney, 1984). Kin selection can 




and it is therefore possible that some of the subject-caller pairs in previous playbacks 
were paternal relatives, which could influence their responses to playback stimuli. 
However, in order to uncover evidence for direct reciprocity in a spurious manner in 
these studies, there would need to be a reason to believe that grooming partners 
were more likely to be paternal kin, and therefore more willing to support each other 
in conflicts.  
But the final and potentially most impactful difference between our experiment 
and the two previous playback experiments is the study species. An absence of 
evidence that grooming affects females’ willingness to provide support could be a 
result of the different social structures between rhesus macaques, baboons, and 
vervets. In rhesus macaque females, the dominance hierarchy is strictly linear, with a 
higher degree of agonistic asymmetry, meaning high ranking females win virtually all 
conflicts with lower ranking opponents and there are almost no instances of low 
ranking individuals retaliating up the hierarchy (Arnold & Auriel, 2011; de Waal & 
Luttrell, 1988; Flack & de Waal, 2004). Rhesus macaques’ conflicts are also more 
likely to escalate to physical violence, and they possess no reconciliatory behaviours 
(Flack & de Waal, 2004). In comparison, vervet monkeys and chacma baboons are 
less despotic, rarely escalate conflicts to physical aggression, and perform a number 
of post-conflict affiliative behaviours and vocalization that deescalate tensions 
between combatants (Arnold & Auriel, 2011; Cheney & Seyfarth, 1989; Cheney et 
al., 1995b). These species-specific differences in agonistic interactions point to 
important implications for the costs associated with providing coalitionary support, 





With greater costs associated with coalition formation, female rhesus 
macaques may only be willing to provide coalitionary support when direct fitness 
benefits can be gained. In despotic species, direct fitness can be accrued from 
supporting the status quo with respect to the dominance hierarchy. That is to say 
females can gain direct fitness benefits by reinforcing their own place in the 
hierarchy – by winning conflicts against lower ranking females. Females can also 
accrue direct fitness by reinforcing the ranks of other females – even if they are not 
related. If a female forms a coalition with the higher ranking of two fighting females, 
she can increase the likelihood that the higher-ranking females wins the conflict. 
Should the coalition partners win, both partners gain direct fitness benefits by 
reinforcing their dominance ranks over the lower ranking opponent. By ensuring the 
low-ranking female stays low ranking and avoiding a potential rank reversal the 
coalition partners ensure their continued access to rank related fitness benefits. 
Forming coalitions to reinforce the hierarchy is also a way of reducing the costs of 
coalitionary support. A coalition formed of two higher ranking females is likely to win 
a conflict with a single lower-ranking individual, and to do so with minimal injury. In 
despotic macaques, patterns of non-kin coalitionary support fit this description. Most 
non-kin coalitionary support is directed down the hierarchy (Bernstein & Ehardt, 
1985; Bernard Chapais et al., 1991; Kaplan, 1978), and is directed to the higher 
ranking combatant significantly more often than the lower ranking combatant 
(Berman, 1980; Chapais, 1983, 1992; Chapais et al., 1991; de Waal & Luttrell, 
1988). Additionally, females rarely intervene in a conflict between two combatants of 
higher rank than themselves (Chapais, 1992). The conservative pattern of support 




conflicts and despotic hierarchies including chimpanzees (Watts, 2002) and hyenas 
(Smith et al., 2010). 
In theory, if an individual in a despotic species provided a sufficiently large 
amount of grooming, that individual could expect to be rewarded with coalitionary 
support. But the benefit would need to exceed the benefits gained by supporting the 
hierarchy, combined with the cost of potentially losing a conflict. Such a high 
threshold is not likely to be reached in a single interaction or over a short period of 
time and could explain why our study, as well as previous observational studies of 
grooming for support in other despotic macaque species (e.g., Japanese macaques) 
have failed to find evidence for short-term reciprocity (Schino et al., 2007).  
 
2.4.3 Do social interactions experienced over longer periods of time 
predict willingness to provide support? 
Female rhesus macaques did not respond more strongly to the recruitment 
calls of their long-time grooming partners compared calls from females that were not 
their grooming partners. There was also no relationship between the amount of 
grooming subjects received from other adult females as a whole and the strength of 
their responses to recruitment calls. These results may imply that even repeated 
grooming over the period of a year does not provide a sufficiently large benefit to 
result in coalitionary support amongst unrelated rhesus macaques. This may be 
especially true during the specific reproductive season in which we conducted our 
experiment.  
We conducted our experiment during the annual birthing season on Cayo 
Santiago. This 5-month period (May to October) represents the time of year when 




interactions for the animals (Kessler & Rawlins, 1986). The level of intragroup 
conflicts decreases in comparison to the mating season (Brent et al., 2013; Wallen & 
Tannenbaum, 1997). The density of grooming and proximity networks also 
decreases as females constrain their social interactions to include mostly maternal 
relatives (Brent, MacLarnon, et al., 2013). Naturally, one of the biggest changes from 
the mating to the birthing season is the arrival of infants, and the associated 
maternal and kin-based care that result from the presence of neonates. 
Primate infants require extensive parental investment from their mothers, as 
well as from their mother’s maternal kin (Berman, 1980). Access to resources are 
determined by dominance rank in female rhesus macaques. A central part of early 
parental care is therefore assisting new infants to acquire their place in the hierarchy, 
with maternal kin intervening in conflicts on a related infant’s behalf (Berman, 1980). 
When a female intervenes in the conflict of a maternal infant against a lower ranking 
female, this benefits the infant because she wins her conflict and reinforces her rank 
over the lower ranking individual (Chapais, 1995). But this behaviour also benefits 
the maternal female who intervened. She receives an indirect fitness benefit from 
helping her infant kin to establish her rank, but she also receives a direct fitness 
benefit for reinforcing her own rank over the infant’s opponent (Chapais, 2001). 
Lastly, both the female and the infant benefit from supporting the stability of the 
dominance hierarchy which provides access to resources for them and their matriline 
(Chapais, 1992, 1995, 2001; Kaplan, 1978). Combined, these results suggest that 
providing support for new maternal kin is highly beneficial for female rhesus 
macaques. However, support of female relatives and their new infants may also be 
time consuming, particularly for matrilines with large numbers of neonates. In 




amongst the three females. But when the ratio of infants to females increases – 
when there are two or three infants between three adult females – the amount of 
time and energy a single female must expend in support of maternally related infants 
is greater. Within the birthing season the benefits of kin-directed support are thus 
exaggerated, potentially becoming the optimal and most time-consuming behavioural 
strategy, eclipsing the amount of time available for exchanging grooming for 
coalitionary support with non-kin. Indeed, a consistent finding in our study was that 
females with a larger relative number of infants in their matriline responded less to 
recruitment calls; they were slower to look, and they looked for less time compared 
to females with relatively fewer infants in their matriline. Females’ weakened 
responses in relation to infant presence could be indicative of the changing costs 
and benefits associated with supporting non-kin that arise during the birthing season. 
In contrast, the mating season is characterised by a higher rate of interactions with 
non-kin and a greater number of conflicts in which to provide support. If we ran this 
experiment during the mating season, when females are less likely to engage in kin-
centric coalitionary support, and thus have more time available, it is possible we 
would find evidence for the exchange of grooming-for-support amongst non-kin. 
However, the mating season also introduces female-female competition for high 
quality mates – another rank-related resource that incentivises females to support 
the status quo. Future studies should examine the exchange of grooming for 
coalitionary support in the mating season to determine the extent to which rates of 
exchange vary across seasons. Studies should also explore how other social 





The inconsistency of results across studies of the exchange of grooming for 
coalitionary support in primates suggest we should also examine alterative 
explanations outside of reciprocal exchange. As previously noted, many studies do 
not account for kinship, or only account for maternal relatedness. Biases toward 
interacting with paternal kin (Widdig et al., 2001) and the benefits derived from kin 
selection could therefore explain some of these results. However, even if these 
studies were able to fully account for kinship, there are still alternative ways to 
explain the frequently documented correlation between the amount of grooming and 
coalitionary support directed within pairs of primates that do not involve the 
reciprocal exchange of services. For example, cooperation that provides both 
partners with mutual benefits could produce a pattern of repeated cooperation 
without reciprocity. 
Individuals may form coalitions with unrelated partners to defend shared 
resources in a mutually beneficial manner as a form of by-product mutualism. That 
is, coalitions can benefit both partners equally by increasing their ability to defend or 
access resources. For example, pairs of low-ranking male olive baboons (Papio 
anubis) often form coalitions to overcome high-ranking males guarding oestrous 
females (Bernstein, 1988; Packer, 1977). These coalitions are mutually beneficial 
because coalition partners gain equal reproductive benefits from mating with the 
female (Bernstein, 1988). When this behaviour was first observed it was 
misidentified as reciprocity because males appeared to take turns supporting and 
mating with females (Packer, 1977). However, further examination revealed that both 
males were mating with the oestrous females; netting an equal benefit from their 
combined efforts (Bernstein, 1988). Coalitions for mutual benefit are also seen in the 




Pusey, 2004), and hyenas (Crocuta crocuta) (Smith et al., 2010). As an example, 
two unrelated chimpanzees, chimp A and chimp B, are feeding in the same fruit tree. 
A third individual, chimp C, approaches and attempts to displace chimp A from the 
tree. If chimp B considers their own access to fruit tree threatened by the newcomer, 
they may intervene in the conflict, forming a coalition with chimp A, to defend their 
own access to the fruit tree. Superficially, it could appear as though chimp B 
provided support in defence of chimp A, but in fact chimp B formed the coalition for 
their own benefit – to retain access to the fruit tree.  
Animals living in dominance hierarchies can form mutually beneficial 
coalitions in a manner consistent with support of the status quo – only forming 
coalitions to protect a shared resource threatened by lower-ranking individuals, or to 
remove lower-ranking individuals from a resource patch (Kaplan, 1978; Massey, 
1977; Silk, 1992). If coalition partners repeatedly associate because of shared 
spatial ranges or social status, a pattern of repeated support would emerge over 
time, resembling reciprocal exchange. There is evidence that proximity can lead to 
repeated coalitionary support; a study of captive rhesus and stump-tailed macaques 
found a positive correlation between a dyad’s shared proximity and the frequency 
with which they formed coalitions; pairs that shared proximity more frequently formed 
more frequent coalitions (de Waal & Luttrell, 1988). 
To test the hypothesis that individuals are providing support for mutual 
resource defence through by-product mutualism, one could investigate the 
relationship theoretically, observationally, and experimentally. To test the hypothesis 
theoretically, an agent-based model simulating repeated interactions between 
individuals assigned random locations in a two-dimensional space could be 




in correlational studies of primate reciprocity emerges from shared proximity alone. 
An observational investigation of the hypothesis could compare the various 
characteristics of observed coalition partners such as; sex, rank, age, and proportion 
of time spent in proximity. If there is a correlation showing that coalitionary support is 
more likely to occur between same-sex partners of adjacent ranks, similar age, and 
shared proximity, then mutual benefit may be a more parsimonious explanation of 
the correlation between grooming and coalitionary support than reciprocity. Finally, 
an experimental test of this hypothesis could be carried out by creating resource 
patches to artificially manipulate individuals’ most common proximity partners. If the 
partitioning were maintained, and individual’s new proximity partners held constant, 
individuals would be expected to form coalitions more frequently with their new 
proximity partners. 
The same characteristics that provide partners with the opportunity to 
repeatedly support one another by means other than reciprocity can also lead to 
repeated grooming interactions. Past research, including two studies of captive 
rhesus macaques, found that individuals are more likely to groom and form 
relationships with groupmates they most closely resemble in terms of rank, sex, and 
age (Sarah F. Brosnan & Waal, 2002; de Waal, 1991; de Waal & Luttrell, 1986). 
Similar homophilic patterns have bene found in associations tendencies of 
chimpanzees and wild barbary macaques – individuals prefer to associate and 
cooperate with groupmates more like themselves (Massen & Koski, 2014; Molesti & 
Majolo, 2016). Therefore, it is possible that females form grooming relationships and 
coalition partnerships with the same groupmates based on shared proximity and 
demographic characteristics, creating the correlation between grooming and coalition 




Chapter 3: General Conclusion 
Cooperation, particularly between non-kin, has been the focus of intense 
scientific inquiry for the last century. The most widely studied explanation for 
cooperation between non-kin is reciprocity. Research has focused disproportionately 
on one of the three main forms of reciprocity, direct reciprocity, despite evidence the 
other two forms, generalized and indirect reciprocity, are evolutionarily stable and 
present in nature. The study of reciprocity tends to focus on patterns of reciprocal 
exchange expressed across either short or long periods of time, but rarely are both 
temporal possibilities explored in the same study. Lastly, despite the known effects 
of relatedness as a driver of cooperation, most studies of reciprocity on non-captive 
subjects only account for maternal relatedness between cooperative partners, failing 
to rule out the effect of kin selection through paternal relatedness.  
This thesis explored direct and generalized reciprocity expressed over both 
short and long periods of interaction in the exchange of grooming for coalitionary 
support using adult female rhesus macaques as a study system. Our purpose was to 
investigate a well-studied cooperative exchange central to primate social 
organization, and to explore multiple forms of reciprocity in both available time 
frames without the confounding effects of kin selection. 
The results of our experiment show that grooming had no effect on females’ 
willingness to provide coalitionary support. Contrary to prior results, we found no 
evidence of direct or generalized reciprocity in the exchange of grooming for 
coalitionary support. There was nothing to suggest that either form of cooperation 





Our experiment is the first study of grooming-for-support conducted in which 
paternal and maternal relatedness was known for all study subjects. Our study is 
also the first experimental study exploring grooming for coalitionary support in old 
world monkeys to find no evidence of direct reciprocity. Paternal relatedness could 
underlie previous positive results of cooperative behaviours that were presumed to 
occur between non-kin. This has important implications for the design of future 
research, where relatedness should be accounted for more fully when possible.  
Our study also represents the first experimental test of generalized reciprocity 
outside a laboratory setting. Our null result is in contrast to the results of experiments 
using lab animals that found animals were more willing to help after receiving help. 
However, our null result is consistent with the results of correlational studies in wild 
and free-ranging primates that found individuals were not more likely to cooperate 
with anyone after receiving cooperation. The differences found between lab-based 
and wild studies suggest that generalized reciprocity may be a cooperative strategy 
animal use in laboratory tasks when presented with no other options.  
Lastly, ours is the first experimental study to investigate direct reciprocity as an 
explanation of grooming-for-support using both short- and long-term patterns of 
cooperative behaviour. Past experiments in vervet monkeys and baboons 
demonstrated that females are more willing to provide coalitionary support to a 
grooming partner following a single grooming event. We replicated that study design, 
but also investigated whether grooming accumulated with a partner in the year prior 
to our experiment was a better predictor of willingness to provide support to a 
grooming partner. We found that grooming did not predict females’ willingness to 
provide coalitionary support over the short- or long-term. Below we present three 





The first explanation is that although our results are contrary to the findings of 
previous playback studies of grooming for support in baboons and vervet monkey, 
they are consistent with results from correlational studies in rhesus and Japanese 
macaques. The agreement of our results with those from other aggressive and 
despotic species suggest that exchanging grooming for coalitionary support may be 
a more important source of fitness benefits in some species compared to others. We 
suggest that in aggressive species with steep dominance hierarchies – where 
conflicts are costly and dominance rank is closely tied to fitness – the benefits 
females gain via by-product mutualism by forming coalitions that reinforce their 
dominance rank are greater than those benefits they could gain by reciprocally 
exchanging their support for grooming.  
The second explanation for our null result is that it could be a symptom of the 
season in which we conducted our experiment. Females willingness to provide 
support decreased significantly across our study period, which coincided with the 
island’s yearly birthing season, as the number of infants in the group increased.  
Females’ may have directed the bulk of their coalitionary support to the time-
consuming task of supporting maternal infants in conflicts to help female’s new kin 
establish their own ranks within the hierarchy which would give infants access to 
rank relate benefits. Support directed at maternal infants provides inclusive fitness 
benefits to the supporting female but is also a time-consuming form of parental care 
that leaves little time for grooming exchanges with non-kin, particularly in the birthing 
season when non-kin interactions are rarer to begin with.  
 The final explanation for our result that receiving grooming does not affect 




and other primates may not exchange grooming for support according to direct 
reciprocity. Instead coalitionary support might be an example of by-product 
mutualism, wherein individuals form coalitions for mutual benefit through defence of 
shared resources. The often-observed correlation between grooming and support 
found in many studies could be a result of individuals homophilic tendencies to 
interact with individuals like themselves – leading individuals to form mutual 
coalitions and grooming relationships with the same individuals based on shared 
proximity and demographic characteristics like age, sex, and rank.  
Future research should focus on experimental study designs that are able to 
infer a causal relationship between cooperation given and received, exploring the 
effect of individual and accumulated cooperative acts. These studies should take 
place in species with a diverse range of social structures to explore how the costs of 
cooperative behaviours may vary between egalitarian and despotic social systems. 
Researchers should endeavour to acquire complete relatedness information of study 
subjects, not just maternal relatedness, in order to avoid muddying conclusions with 
the possibility of kinship biasing results. Previous research on grooming and 
coalitionary support has focused too heavily on the role of direct reciprocity. Future 
research should also take a wider view of the possible mechanisms that might 
underpin these two behaviours, including kin selection, by-product mutualism, and 
multiple forms of reciprocity. Grooming may be exchanged for support via direct 
reciprocity, but it is not the only reason individuals provide coalitionary support to one 
another. A single cooperative behaviour can evolve as a result of multiple 
cooperative mechanisms. Therefore, to understand a single cooperative behaviour, 
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Table 1. Results of a Cox proportional hazard model (Latency to Look) and GLMM 




Table 2. Likelihood ratio test of global models, condition only models, and null 
models split by research question and response measure: Latency to Look and 
Duration of Looking. Global model contains: Condition Type, Grooming Received, 
Individuals in 10m, Rank Distance, Infant to Female Ratio, and random effects 
Subject ID and Caller ID. Condition Model contains: Condition Type, and random 









 Latency to Look Duration of Looking  
Predictor 
Variable Coef ± SE Exp(Coef) Z  P Estimate T P 






Table 3. Results of cox proportional hazard model (Latency to Look) and GLMM 
(Duration of Looking) of the effect of a binary measure [(1) interacting with the caller 
(0) not interacting with the caller] on subjects’ response strength to playback stimuli.  




Table 4. Loglikelihood test of latency to look model testing the effect of interacting 
with the caller prior to playback and a null model containing only random effects. 
Significant results are marked with an asterix. 
 
 Variable                  Df AIC     logLik  Chisq  Df  Pr(>Chisq)    
Null model 8.52 281.28 -138.72    




Table 5. Loglikelihood test of duration of looking model testing effect of interacting 
with the caller prior to playback and a null model containing only random effects. 
Significant results are marked with an asterix.  
 
 
Model         Df     AIC     logLik  deviance   Chisq  Chi Df  Pr(>Chisq)   
Null Model           4 691.57 -341.79 683.57    
Response 









 Latency to Look Duration of Looking  
Predictor 
Variable Coef ± SE Exp(Coef) Z P Estimate T P 
Interacted with 
the Caller -0.51 ± 0.36 0.599 -1.43 0.15 -106.01 ± 40.45 -2.62 0.01* 
